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1 * The R ecen t D evelopm ent in  th e  O rgan ic  C hera is try  o f  
Phosphorus#
The c o n s id e r a b l e  e x p a n s io n  o f  o rg an o p h o sp h o ru s  
c h e m is t ry  o v e r  th e  l a s t  t^-^enty y e a r s ,  s t i m u la t e d  by th e
1 O zmany i n d u s t r i a l  a p p l i c a t i o n s ,  b i o l o g i c a l  u s e s ,  ^ a n d  
th e  p o s s i b i l i t y  o f  n o v e l  r o u t e s  f o r  s y n t h e s i s , ^  h as  l e d  
to  a c o r r e s p o n d in g  in c r e a s e  in  th e  volume o f  r e l e v a n t  
l i t e r a t u r e #  IVhereas th e  f i r s t  m ajor p u b l i c a t i o n  in  t h i s  
f i e l d ,  by G.M# Kosolapoff*^ in  1950, d e a l t  s o l e l y  w i th  
p r e p a r a t i v e  d a t a ,  more r e c e n t  worlcs^ ^ have been  co n c e rn e d  
i n c r e a s i n g l y  w i th  th e  d e t a i l s  o f  th e  m echanisms o f  th e  
r e a c t i o n s  in v o lv e d ,  A s e r i e s  o f  c o l l e c t e d  re v ie w s^ ^  
now su p p lem en ts  th o s e  fo u n d  e lsew h ere  in  th e  ch e m ica l  
j o u r n a l s .
T h is  t h e s i s  d e s c r i b e s  an i n v e s t i g a t i o n  o f  th e  
r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  a ro m a tic  
n i t r o s o -  and n i t ro -c o m p o u n d s ,  u n d e r ta k e n  to  e x te n d  th e  
scope o f  th e s e  r e a c t i o n s  and to  c l a r i f y  th e  mechanism.
The r e a c t i o n s  w i th  a ro m a tic  n i t ro so -c o m p o im d s ,  m en tioned  
b r i e f l y  in  a re v ie w  in  19 62 ,^^  h av e , t o g e t h e r  w i th  th e  
c o r re s p o n d in g  r e a c t i o n s  o f  a ro m a tic  n i t ro -c o m p o u n d s ,  
become a s u b j e c t  w o rthy  o f  a f u l l  re v ie w ^ ^  o v er  th e  
i n t e r v e n i n g  p e r io d  o f  s i x  y e a r s .
3The v e r s a t i l i t y  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
i n  d eo x y g e n a tio n  and r e d u c t io n  r e a c t i o n s  w i l l  he o u t l i n e d  
in  a b r i e f ,  and hence  n e c e s s a r i l y  s e l e c t i v e ,  summary.
T h e i r  r e a c t i o n s  w i th  a ro m a tic  n i t r o s o -  and n i t r o ­
compounds w i l l  th e n  be d i s c u s s e d  in  g r e a t e r  d e t a i l ,
2• D eoxygénâtio n  and R e d u c tio n  R e a c t io n s  o f  T e r v a le n t
Pho spho r u s  Re agen t  s ,
T e r v a l e n t  o rg an o p h o sp h o ru s  compounds (X^P), such
as  t r i a l k y l -  o r  t r i a r y l p h o s p h i n e s  and t r i a l k y l  p h o s p h i t e s ,
r e a c t  w i th  a wide v a r i e t y  o f  o x y g e n -c o n ta in in g  compounds
to  y i e l d  th e  c o r r e s p o n d in g  n u in f 'u e v a le n t  d e r i v a t i v e s
(X^PO), The m ajo r d r i v i n g  f o r c e  b e h in d  th e s e  r e a c t i o n s
i s  th e  g r e a t  s t r e n g t h  o f  th e  P=0 bond fo rm ed , t y p i c a l
v a lu e s  f o r  P=0 bond d i s s o c i a t i o n  e n e r g i e s  i n  p h o s p h a te s
and p h o sp h in e  o x id e s ^ ^  l y i n g  i n  th e  ra n g e  o f  120-150
k c a l , / m o l e ,  w hich can  be compared w i th  v a lu e s  in  th e
ra n g e  50 -70  k c a l , / m o l e  f o r  th e  bond in  amine
19o x id e s .
The r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  
oxygen, s u lp h u r  and th e  h a lo g e n s ,  and w i th  compounds 
c o n t a i n in g  th e s e  e le m e n ts ,  have been  re v ie w e d  up to  
196 2 ,^ ^
The d i r e c t  o x i d a t i o n  by a i r  o r  oxygen to  th e
4c o r r e s p o n d in g  p h o s p h a te  o r  p h o sp h in e  o x id e  h a s  n o t  y e t
16b een  s t u d i e d  e x h a u s t i v e l y  a l th o u g h  a l i g h t - i n d u c e d  f r e e -
20  2r a d i c a l  mechanism f o r  t h e s e  r e a c t i o n s  h a s  been  p roposed*  ^
22  2 %T r ia r y lp h o s p h in e s ,  ' t r i a r y l  p h o s p h i t e s ,  and t r i a l k y l
p h o s p h i t e s  a l l  r e a c t  w i th  ozone g iv in g  e x c e l l e n t
y i e l d s  o f  th e  c o r r e s p o n d in g  P=0 compound, v i a  a 1 :1  ad d u c t
i n  th e  c a s e  o f  t r ip h e n y lp h o s p h in e ,  when th e
r e a c t i o n  i s  c a r r i e d  o u t  a t  - 7 0 ° .  T h is  ad d u c t  h as
recently/- b een  u s e d  a s  a c o n v e n ie n t  so u rc e  o f  s i n g l e t
oxygen, g iv in g  p r o d u c t s  i d e n t i c a l  to  th o s e  o b ta in e d
from  p h o to c h e m ic a l  o x i d a t i o n s .
The r e a c t i o n  be tw een  d i a r o y l  p e r o x id e s  and 
t r i a r y l p h o s p h i n e s  h a s  been  in v e s t ig a te d ^ ^ " " ^ ^  and fou nd  
to  p ro d u c e  th e  a p p r o p r i a t e  an h y d r id e  and p h o sp h in e  
o x id e .  S in ce  no a t t a c k  on th e  s o lv e n t  o c c u r s  in  th e s e  
r e a c t i o n s ,  th e  p o s s i b i l i t y  o f  a h o m o ly tic  mechanism h as  
been  d i s m is s e d .  ^ Denney and Greenbaum^^ have f u r t h e r  
sh o rn  by th e  u se  o f  oxygen-18  t r a c e r s  t h a t  th e  p h o sp h in e  
d i s p l a c e s  th e  more e l e c t r o p o s i t i v e  p e r o x id i c  oxygen i n  
u n sy m m e tr ic a l  p e r o x id e s  ( l ) ;
00 0 0 ( 1 )
In  c o n t r a s t ,  th e  r e a c t i o n  betw een t r i a l k y l  pZ iojphltuS  
and d i a l k y l  p e r o x id e s  a p p e a rs  to  be a h o m o ly tic  p r o c e s s ,  
W a ll in g  and R ab in o w itz  h a v in g  i s o l a t e d  t r i e t h y l  p h o sp h a te  
and b i -^ - c u m y l  from  th e  r e a c t i o n  betw een  t r i e t h y l  
p h o s p h i te  and di-N -cum irl p e ro x id e #  They p o s t u l a t e d  a 
mechanism in v o lv in g  an in t e r m e d ia te  p h o sp h o ran y 1 r a d i c a l :
ROOR ^ 2 RO-
RO- + (EtO) R -----> (EtO)^POR----- ^ R- + (EtO) POj  V y
R- + R- — ^  R -  R
(where R = PhCMe^)
T e r v a le n t  p h o sp h o ru s  r e a g e n t s  a l s o  red u ce  p e r e s t e r s , ^ ^  
h y d ro p e ro x id e s ,-^ "  and o z o n id e s ^ ^  to  e s t e r s ,  a l c o h o l s ,  
and c a rb o n y l  compounds r e s p e c t i v e l y .  In  each  c a s e ,  
h e t c r o l y t i c  r e a c t i o n  mechanisms in v o lv in g  n u c l c o p h i l i c  
a t t a c k  on oxygen have been  p ro p o se d .
The a f f i n i t y  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  f o r  
b o th  f r e e  and bound s u lp h u r  i s ,  how ever, even g r e a t e r  
th a n  th e  c o r re s p o n d in g  a f f i n i t y  f o r  oxygen . Thus s u lp h u r  
adds r e a d i l y  to  p h o s p h in e s a n d  p h o s p h i t e s  i n  th e  p re s e n c e  
o f  a i r  to  g iv e  th e  c o r re s p o n d in g  sulphide^^^ ( 2) ,  r a t h e r  
th a n  th e  o x id e  :
4. 8 ------3^ SPX^ ( 2 )
The r e a c t i o n s  may p ro c e e d  v i a  f r e e - r a d i c a l  p a th w a y s , 
as  in  th e  r e a c t i o n  be tw een  t r i e t h y l  p h o s p h i t e  and 
p e n t£ in e ~ l - t h i o l  ( 3 ) ,  in  w hich a c h a in  r e a c t i o n  
in v o lv in g  RS- and R* r a d i c a l s  h a s  been  p ro p o s e d  (4)
and (5 ) :
(EtO) P + R'SH -----> R'H + (EtO)^P (3)
R’ S- + (EtO) P ^ (E tO )^P S R ’   j, (EtO)^PS + R'- (k)
R'. + R'SH — R' H + R 'S - (S)
o r  may be l a r g e l y  i o n i c ,  a s  in  th e  d e s u l p h u r i s a t i o n  
o f  d i s u l p h i d e 8 to  s u lp h id e s  by t e r t i a r y  p h o sn h in e s^ ^  ( 6 ) :
Ph ,F  + R S-S-R  —> P h l s R  RS —> Ph ,PS  + RSR (6)3 J JThe c o r re s p o n d in g  r e a c t i o n  w i th  t r i o t h y l  p h o s p h i te  i s
th o u g h t  to  p ro c e e d  by  a h o m o ly tic  p a th w ay , i n  c e r t a i n  
37c a s e s .
R e c e n t ly ,  t r i a r y l p h o s p h i n e s  have b een  u s e d  to
e f f e c t  th e  d e s u l p h u r i s a t i o n  o f  a number o f  c y c l i c  
38s u l p h i d e s , "  p o s s i b l y ,  i n  t h i s  exam ple, v i a  an i n t e r ­
m e d ia te  t h i i r a n  ( 7 ) :
q  (7)0 1 ----- 1 r 1 ^ ,  -I +_ p R3PLà L I P's J 01 V -  ZL/s c i” ^  GH^^OHCHgCl +R^P8 
and, i n  p r o t e i n  c h e m is t r y ,  t o  re d u ce  c y s t i n y l  r e s i d u e s  
to  c y s t e i n y l  r e s i d u e s  in  wool k e r a t i n .
The r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
w i th  h a lo g e n s  and h a lo g e n a te d  compounds, th e  l a s t  o f  th e
7t h r e e  m ain g roups  o f  r e a c t i o n s  d i s c u s s e d  in  th e  above- 
m en tio n ed  r e v i e w , h a v e  ro c e iv o d  some a t t e n t i o n  in  th e  
l a s t  few y ea rs#  T h is  h a s  c e n t r e d  a roun d  th e  p h o to ­
i n i t i a t e d  and th e rm a l  r e a c t i o n s  o f  t r i e t h y l  p h o s p h i te  
w i th  c a rb o n  te t r a c h lo r id e ^ " '^  and o th e r  p o ly h a lo a lk a n e s ,  
and th e  d u a l i t y  o f  mechanism d e m o n s tra te d  th o ro in #  Thus 
th e  r e a c t i o n  may be l a r g e l y  h e t c r o l y t i c  (8 ) o r  h o m o ly tic  
( 9 , 10 ) ,  no d i s t i n c t i o n  b e in g  p o s s i b l e  a t  t h i s  t im e 
be tw een  th e  a l t e r n a t i v e  f r e e  r a d i c a l  p ro c e s s e s #
(EtO) + C C l^— J ( B tO )  POCl^ C l]  r(E t0 )^P 01  COl^]
!
(StO)gPOOG l + EtO l (8)
(E tO )^?  + •G C l-,-^  (EtO)^PCCl^ (E tO )3 P C C lÿ ï  + -CGIj
(BtO)gPO 001 + E tC l ( 9 )
(E tc )  l o c i  _->B t- + (BtO)gPOOOl (10 )
Et- + CCI, — > E tC l +-CC1-^n cThe M ic h a o lis -A rb u so v  r e a c t i o n  and th e  P erkov  
r e a c t i o n ,  be tw een  t e r v a l e n t  pho sp h o ru s  r e a g e n t s  and h a l o -  
and h a lo - c a r b o n y l  compounds r e s p e c t i v e l y ,  have been  
rev iew ed  o lse w h e re ^ ^  and w i l l  n o t  be d i s c u s s e d  f u r t h e r  
h e r e .
8The a t t a c k  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  on
c a rb o n y l  oxygen, a g a in  in t ro d u c e d  b r i e f l y  in  th e  1962 
1 Are v ie w , h a s  been  s t u d i e d  in  much g r e a t e r  d e t a i l  in  
r e c e n t  y e a r s ,  and shows a number o f  p a r a l l e l s  w i th  th e  
de o x y g én â t io n s  o f  n i t r o s o -  and n i tro -c o m p o u n d s  c o n s id e r e d  
l a t e r #  The p h o sp h o ru s  compound may be in v o lv e d  p r e ­
d o m in an tly  as  a n u c l e o p h i l e  o r  as  an e l e c t r o p h i l e ,  
d ep en d in g  on th e  r e l a t i v e  im portan ce  o f  l o n e - p a i r  
d o n a t io n  from p h o sp h o ru s  and p^_-d^ b o n d in g  from oxygen .
R e p o r ts  o f  th e  co m p le te  rem oval o f  oxygen, w i th  
th e  p o s s i b i l i t y  o f  c a rb o n e  fo rm a t io n ,  a r e  n o t  common* 
However, Arbusov^'^ h a s  r e p o r t e d  a sm a ll  y i e l d  o f  s t i l b e n e  
by th e  r e a c t i o n  o f  ben% aldehyde w i th  t r i e t h y l  p h o s p h i te  
u n d e r  r e f l u x ,  Poshim s and Herweh^^ r e p o r t e d  t r a c e s  o f  
t e t r a p h o n y  1 e th y  1 one from  th e  cor-^espending  r e a c t i o n  w i th  
benzophenone , and R a m i r o e t  a l .  p r e p a r e d  b i p h t h a l y l  ( l l )  
in  r e a s o n a b le  y i e l d  from  p h t h a l i c  a n h y d r id e :
2 ,  V = r  , 0 .  , ^I T 0 + 2  ( Bt O) , P  ->G0 0=0 00 + 2 (StO)^POf I /  D ^ 0 ^  \ / Jr e f l u x  /  \  fin' s
48 h r s
Such deo x y g e n a t io n s a r e  more o f t e n  r a t i o n a l i s e d  i n  
te rm s  o f  s t a b l e  1 :1  and 1 :2  a d d u c ts  which^ by th e  
e l i m i n a t i o n  o f  th e  p h o s p h a te  o r  p h o sp h in e  oxide^ may 
g iv e  r i s e  to  compounds p o s s e s s i n g  th e  a p p r o p r i a t e  d eg ree  
o f  - u n s a tu r a t lo n ,  Tims Boro w i t  z and A n s c h e l ,^ ^  from  th e  
r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e  w i th  f lu o re n o n e  a t  25° ,  
i s o l a t e d  2 , 2 , 2- t r i e t h o x y - 4 , 5- h i s d ip h e n y le n e —1 , 3, 2-  
d io x ap h o sp h o lan e  i50fo), w hich , on h e a t i n g  i n  b en zen e , 
r e a r r a n g e d  to  9 -d ip h e n y le n e -p h e n a n th ro n e  ( l 2) ;
a ( i tO )  P , 25, 2h h r  
b h e a t ,  b e n z e n e . + (EtO) P O
In  an e x c e s s  o f  t r i e t l i y l  p h o s p h i te  a t  1 5 0 ° , th e  
r e a r r a n g e d  p ro d u c t  was o b ta in e d  d i r e c t l y  i n  ~lk% y i e l d ,  
t o g e t h e r  w i th  b i f l u o r e n y l i d e n e  (jfS). The y i e l d  o f  
b i f l u o r e n y l i d e n e  was i n c r e a s e d  to  UC?b i f  t r i b u t y lp h o s p h i n e  
was u s e d ,  mid to  6l<fo i f  2, 7-d ib ro m o f lu o re n o n e  (1 3 ) was 




^ v B r
( 1 3 )
S im i la r  r e s u l t s ^  r i t l i  th e  fo rm a t io n  o f  1 :1  o r  1 :2  
a d d u c t8 o f  p h o s p h i te  o r  p h o sp h in e  w i th  th e  c a rh o n j 'l  
compound^ have boon rc ro o rto d  f o r  benzil^®'"^^'^*'^, b en z o y l
cyan ide^^y  bonzoin '-^^ indanotrione^"^^^ and i s a t i n s ^ ^ ,
5 2h c x a f lu o ro a c e to n o  , and  w i th  a v a r i e t y  o f  p o ly k e to n e s  
in  a s e r i e s  o f  i n v e s t i g a t i o n s  by Ram irez and h i s  co -
'ï 6 ?  w o r k e r s , - '
In  th e  caso  o f  b o n z l h ^ '  - i t  was shown t h a t  th e  
1:1 ad d u c t  w i th  t r i e t h y l  p h o s p h i te  decom posed in  th e  
p r e s e n c e  o f  c u p r ic  s u lp h a t e  to  g iv e  c 1s - d i h e n z o v l s t i l h e n o  
(U l t )  and t e t r a p h c n y l f u r a n  ( l 8 $ ) :
P h - C -0  PhCO■CPh=CPh • COPh, , I h(OBt).PhOO COPh + ( a tO )^ P ->  .-A. +Ph. Ph
'PIi  ' K q X 'Ph
The fo rm a t io n  o f  o en z o in  d e r i v a t i v e s  when th e  d e c o m p o s it io n  
was c a r r i e d  o u t  in  v a r io u s  a lc o h o l s  s u g g e s te d  an i n t e r ­
m e d ia te  p h e n y l  b e n z o y l  c a rb o n e ,
% e r e  a s t a b l e  p h o sp h o lan e  has  n o t  been  i s o l a t e d .
1 1
an open d i p o l a r  a d d u c t  h a s  boon s u g g e s t e d . T h i s
may bo in  o o u i l ib r iu m  w i th  th e  c y c l i c  form o r  may
be a h y b r id  o f  th e  two form s as  s u g g e s te d  by Mark^^ f o r
th e  s y n t h e s i s  o f  e p o x id e s  from  b e n s a ld e h y d o :









(RON) p p o ,  y
/ 0 - 0.K R
\ H R-c'-. 0 
/
H R
The fo rm a t io n  o f  1 :1  a d d u c ts  h as  a l s o  been  r e p o r t e d  
be tw een  o -h y d ro x y b e n z y l  a lc o h o l  and t r i a l k y l  p h o s p h i te s ^ ^  
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4 MePCl Et-.H V-Me
(15)
1 2
3 o R e a c t io n s  o f  H i t r o s o -  and N itro -com pounds w i th  
T e r v a le n t  P h o sp h o ru s  Reagents-,
The r e d u c t io n  o f  n i t r o s o -  and n i tro -c o m p o u n d s  by
17t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  h as  r e c e n t l y  been  rev iew ed» 
I n t e r e s t  in  t h e s e  r e a c t i o n s  c e n t r e s  b o th  upon t h e i r  wide 
a p p l i c a t i o n s  i n  s y n t h e s i s ,  and upon th e  d e t a i l s  o f  th e  
r e a c t i o n  m echanism s, and th e s e  two a s p e c t s  w i l l ,  t h e r e ­
f o r e ,  be re v ie w e d  i n  t u r n  here»  In  a d d i t i o n ,  th e  
c h e m is t ry  o f  th e  e l e c t r o n - d e f i c i e n t ,  m onovalen t n i t r o g e n  
i n t e r m e d i a t e ,  th e  n i t r e n e ,  w i l l  be d i s c u s s e d  b r i e f l y  in  
th e  l i g h t  o f  i t s  r e le v a n c e  to  th e  mechanism o f  many o f  
th e  d e o x y g e n a t io n s  now studied®
(a) P r e p a r a t i v e  a s p e c t s  o f  th e  r e a c t i o n  w i th  a ro m a tic  
n i t ro so -co m p o u n d s»  A lth o u g h  t e r v a l e n t  p h o sp h o ru s  com­
pounds have b een  u s e d  as  r e d u c in g  a g e n ts  s in c e  1 932 ,^^  
th e  f i r s t  t e n t a t i v e  r e p o r t  o f  a r e a c t i o n  w i th  an a ro m a tic
n i tro so -c o m p o u n d  d id  n o t  ap p e a r  u n t i l  1954, when Hoffmann 
69and H o rn e r ,  i n  a r e f e r e n c e  to  u n p u b l i s h e d  work, 
s t a t e d  t h a t  s u b s t i t u t e d  n i t r o s o b e n z e n e s ,  b u t  n o t  
n i t r o s o b e n z e n e  i t s e l f ,  r e a c t e d  w ith  t r ip h e n y lp h o s p h in e  
to  g iv e  th e  c o r r e s p o n d in g  azoxybenzenes ( l 6 ) :
ArNO + Ph^P  _____^ ArH=N(0)Ar 4 Ph^PO ( l6 )
A f u r t h e r  seven  y e a r s  e l a p s e d  b e f o re  a s y s t e m a t i c  
i n v e s t i g a t i o n  commenced.70-72
(E tO ),P




Me ÎTO :p(.OBt), (5Sfo) (19 )
(76fo) (20)
(98^) (21)
SCHEME 1 (61%. t o t a l )  (22)
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71 72Banyaji and Gadogan, '  in  t h e i r  a c c o u n t  o f  th e  
deoxygénât io n  o f  a s e r i e s  o f  a ro m a tic  n i t ro s o -c o m p o u n d s ,  
l a i d  th e  fo u n d a t io n s  f o r  much o f  th e  su h se q u e n t  p r e p a r a t i v e  
work and th e  d i s c u s s i o n s  o f  mechanism a r i s i n g  from 
th e s e  r e a c t i o n s *  Thus from  th e  r e a c t i o n  o f  t r i e t h y l  
p h o s p h i te  w i th  n i t r o s o b e n z e n e ,  p _ -e th y ln l t ro s o b e n z e n e ,  
M - d i m e t h y l - p - n i t r o s o a n i l i n e ,  2- n i t r o s o b i p h e n y l , and 
2-  and 3- o - n i t r o s o p h e n y l p y r i d i n e ,  th e y  i s o l a t e d  good 
y i e l d s  o f  azoxybenzene ( l 7 ) ,  2 , 2 ’-d ie th y la z o x y b e n z e n e
(1 8 ) ,  t r i e t h y l  N -p -d im e th y 1am in o p h en y Ip h o sp h o rim id a te
(19 ) ,  c a r b a z o le  ( 20 ) ,  and p y r id j^ l ,  2~ b j in d a z o le  ( 2l )  and
ot- and ) ( - c a r b o l i n e  ( 22) ,  r e s p e c t i v e l y  (Scheme l ) , These
r e a c t i o n s  were c a r r i e d  o u t  i n  a h y d ro c a rb o n  s o l u t i o n  a t
0^ , w i th  a sm a l l  e x c e s s  o f  t r i e t h y l  p h o s p h i te *
73Sundberg  in  t u r n  i n v e s t i g a t e d  th e  r e a c t i o n s  o f  
p - a lk y l n i t r o s o b e n z e n e s  w i th  an e x c e s s  o f  t r i e t h y l  p h o s­
p h i t e  i n  t r i e t h y l  p h o s p h a te  s o lu t io n *  He was a b le  to  
r e c o v e r  a number o f  am ines ( 23 ) and h y d r o l y s i s  p r o d u c ts  
( 2U) in  v e ry  sm a l l  y i e l d s ,  t o g e t h e r  w i th ,  i n  th e  c a se  o f  
o - n i t r o s o t o l u e n e ,  a s k e l e t a l  re a r ra n g e m e n t  p r o d u c t ,  
H -o - to ly l -c x -m e th y l~ a « (2- - p y r id y l ) n i t r o n e  ( 25) and th e  
d eo x y g en a ted  a n i l  ( 26)* The c o r re s p o n d in g  t r i a l k y l  
g -p h e n y lp h o s p h o r im id a te s  ( 27) were a l s o  i s o l a t e d ,  t o ­
g e th e r  w i th  th e  e x p e c te d  2 , 2 ^ -d im e th y laz o x y b en sen e  (28)
^ ^ ^ M e ( E t O )  p ^




















i n  t r a c e  amounts o n ly  (Scheme 2)•
Boyer and d e s c r ib e d  an e a r l i e r  d eo x y g e n a t io n
o f  an a ro m a tic  n i t ro so -c o m p o u n d  in  t h e i r  p r e p a r a t i o n  o f  
b e n z o fu ra z a n  (29) from © - d in i t r o s o b e n z e n e :
0/
N (29)
In  a s i m i l a r  fa sh io n ^  o _ -n i t ro n i t ro s o b e n z e n e  was sm ooth ly  
re d u c e d  by  t r i e t h y l  p h o s p h i te  to  th e  f u r a z a n  o x id e ,  
w hich in  t u r n  gave th e  f u r a z a n  on f u r t h e r  r e d u c t io n  




N /  (E tO ) ,P  
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< - n /
1 q
( 3 0 ) 
75,76T his  r e a c t i o n  h a s  been  e x te n d e d  by B a i le y  and E vans,
77and by Cameron and P r o u t ,  to  th e  c o r re s p o n d in g  re d u c ­
t i o n s  o f  b e n z o t r i f u r o x a n  to  b e n z o t r i f u r a z a n  ( 31 ) ,  and to  
th e  fo rm a t io n  o f  h ig h - m e l t in g  a d d u c ts  w i th  t r i p h e n y l ­
p h o sp h in e  ( 32) D
O' /■+
0
(RO) PJ 0 . OP(OR)
( 3 1 )
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î ° 2H i P=N N=PPh ,
OpN N0„
f e P P h J
( 3 2 )
J 5F i n a l l y ,  Burdon, M orton and Thomas have d e s c r ib e d  
th e  p r e p a r a t i o n  o f  a ra n g e  o f  p e r f l u o r o  a z o - ,  azox y - and 
h y d ra zo b en zo n e s  from  th e  r e l a t e d  n i t ro so -c o m p o u n d s  and 
t r i e t h y l  p h o s p h i t e :
RCgP^ITH  ^ ROgF^NO f  R0gF^N(O)=N0gF^R
The main l i m i t a t i o n  to  th e  scope o f  th e  r e a c t i o n  
betw een  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  and a ro m a tic  
n i t ro so -c o m p o u n d s  as  a p r e p a r a t i v e  m ethod l i e s ,  hov/over, 
i n  th e  d i f f i c u l t y  som etim es e n c o u n te re d  i n  th e  p r e p ­
a r a t i o n  o f  th e  r e ou i r e d  n i t ro so -c o m p o u n d  from  th e  c o r r e s ­
p o n d in g  n i t r o -  o r  amino-compound,
(b ) P r e p a r a t i v e  a s p e c t s  o f  th e  r e a c t i o n  w i th  aromat i c
T h is  d i f f i c u l t y  in  th e  p r e p a r a t i o n  o f  
th e  s t a r t i n g  m a t e r i a l  wns overcome by r e p e a t i n g  th e  
d e o x y g e n a t io n s  w i th  th e  more r e a d i l y  a v a i l a b l e  n i t r o ­
compounds o Oadogan and co—worlcers^^'^ r e p o r t e d  th e  
s y n t h e s i s  o f  a number o f  s u b s t i t u t e d  c a r b a z o le s  ( 33) 
from th e  r e a c t i o n  o f  th e  c o r re s p o n d in g  2- n i t r o b i a r y l s ,
2(EtO)^P
Cp O 35-80%














and o f  p y r i d j l ,  S-ToJind-aaole (21 ) from  2 '-o -n x tro p l ie n y l-
p y r i d i n e ,  w i th  t r i e t h y l  p h o sp h i te *  In  a  l i k e  m anner,
3 ,-?4*-’bG nzocarhazo le  (34) was p r e p a r e d  from  l - o - n i t r o -
pheny I n a p h th a le n e , 2 -p h e n y l  in d o le  ( 35) from  c i s -  and
t r a n s - 2 - n i t r o s t i l 'b e n e *  2 - a r y l i n d a z o l e s  ( 36) from
2 - n i t r o h e n s y l i  dene a n i l i n e s  and 2- a r y l - 2H-‘ben2o t r i a z o l e s
( 37) from  2 - n i t r o a z o h e n z e n e s  (Scheme 3) »
The r e a c t i o n  o f  t r i e t h y l  p h o s p h i te  w i th  s u i t a b l e
d in i tro -c o m p o u n d s  l e d  to  p o ly o y c l i c  compounds c o n ta in in g
fu s e d  five-m em ’b e red  r i n g s ,  d i h e n z o |h , f J - 1 , 3 a , 4 y 6 a -
t e t r a - a z a p e n t a l e n e  ( 38 ) ,  2 , 2 * - h i - 2 H - in d a z o ly l  (3 9 ) ,
and in d o lo  1^3, 2-1^ in d o le  (4 0 ) b e in g  o b t a in e d  from
2 , 2 ^ - d in i t r o a z o b e n z e n e ,  o - n i t r o b e n z a ld e h y d e  a z in e ,  and
2 , 2 * - d i n i t r o s t i l b e n e  r e s p e c t i v e l y  ( Scheme 4 )#
The u s e  o f  p h o sp h in e  in  e t h a n o l i c  a lk a l i^ ^ ^ ® ^
h a s  been  r e p o r t e d  a s  an a l t e r n a t i v e  to  t r i e t h y l  p h o s p h i te *  
R nThus B e l l a a r t  u s e d  t h i s  r e a g e n t  to  p r e p a r e  benzo j^ fj— 
n ap h th o  1^2,1—0^ c i n n o l i n e —ÎÎ—o x id e  (41  ) and b e n z o jc j  — 
c in n o l in e - K ,H ^ - d io x id e  (4 2 ) from  2 - n i t r o n a p t h a l e n e  and 
2 ,2  * -d in  i  t r o b  ip h e n y 1 r e s p e c t i v e l y *
r
17
82The s y n t h e s i s  o f  a n o th e r  s e r i e s  o f  h e n z o t r ia % o le s
8 ^and o f  a number o f  p y r r o l o - p y r i m id i n e s  h a s  been  d e s c r ib e d *  
P y ra z o lo  2**-  ^b e n z o t r i a z o l e  (U3) was o b t a in e d  in  good 
y i e l d  from  1 - o - n i t r o p h e n y lp y r a z o l e  w h ile  r e d u c t io n
NO,
( l tO ) ,P
  — 4
l 6 o 0 " S i r / ik3)
and c y c l i s a t i o n  o f  1 , J -d im a tl iy  1 -5 -n i t ro - 6 ~ p -m e th o x y -  
s t y r y l u r a c i l  gave th e  c o r re s p o n d in g  p y ro lo  ^ 3 ,2 - d | -  
p y r im id in e  (kk)
Me NO
Me
In  th e  l a t t e r  c a s s j  i r r a d i a t i o n  o f  th e  r e a c t i o n  m ix tu re  
w i th  u l t r a - v i o l e t  l i g h t  f o r  li.| h o u rs  gave a low y i e l d  o f  
th e  same p r o d u c t ;  how ever i t  i s  n o t  c e r t a i n  t h a t  th e  
r e a c t i o n  m ix tu re  was m a in ta in e d  a t  0^ and t h e r e f o r e  
t h e r e  m%r have b een  a th e r m a l ly  in d u ced  e f f e c t  i n  a d d i t i o n  
to  any p h o to c h e m ic a l  r e a c t io n #
W hile th e  p r e s e n t  i n v e s t i g a t i o n  was i n  p r o g r e s s ,  
S undberg  exam ined , i n  g r e a t e r  d e t a i l ,  th e  d e o x y g e n a tio n










t o t a l  y i e l d  o f
amines c a ,  9^
N=P(OBt)






= 0  ^1Me
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1 8
o f  o -aH cyln i trdD enzerLes  by  t r i e  th y  1 p h o s p h l t e ^ ^ '  
and e x te n d e d  t h e  s y n t h e s i s  o f  s u b s t i t u t e d  i n d o l e s  from
o - n i t r o s t y r e n e d e s c r i b e d  e a r l i e r . I n  t h e  
r e a c t i o n  o f  o - b u t y l n i t r o b e n z e n e  w i t h  t r i e t h y l  p h o s p h i t e  
he r e p o r t e d  th e  i s o l a t i o n  o f  a number o f  c y c l i s e d  p r o ­
d u c t s  (U5 ) and o t h e r  amines (l\-6)  ^ i n  a d d i t i o n  to  th e  
e x p e c t e d  g - o - b u t y I p h e n y I p h o s p h o r i m i d a t e  (U7 )> a l t h o u g h  
t h e r e  was no e v id e n c e  f o r  r e a r r a n g e m e n t  p r o d u c t s  o f  th e  
ty p e  fo u n d  w i t h  o - n i t r o  so t o l u e n e  ( 25 , 26)* g - f ) - t o l y l -
g - a c e t l m i d y l p y r l d i n e  ( 26) was however i s o l a t e d  (37%) 
from  th e  i r r a d i a t i o n  o f  o - n i t r o t o l u e n e  i n  th e  p r e s e n c e  
o f  a l a r g e  e x c e s s  o f  t r i e t h y l  p h o s p h i t e  a t  room tem­
p e r a t u r e  (Scheme 5 ) .  I r r a d i a t i o n  o f  o - n i t r o b i p h e n y 1 
and c i s -  and t r a n s - 2- n i t r o s t i l b e n e  i n  t r i e t h y l  p h o s p h i t e  
gave c a r b a s o l e  and 2- p h e n y l i n d o l e  r e s p e c t i v e l y .
The d e o x y g e n a t io n  o f  f o u r  ^ , y ^ - d i s u b s t i t u t e d
o - h i t r o s t y r e n e 8 (48 - 5 1 ) was d e s c r i b e d  i n  f u l l .
OH:=OR^Rg ^ l ' ^ 2  ( ^ ^ 2)5
R^,Rg = (CHg)^ (49)
^^2 R^ = Rg = OH (50 )
R  ^ = Ph, Rg = CH^  (51)
Thus o y c lo h G X y l id e n e (o -n i t ro p h e n y l )m e th a n o  (48) gave as
th e  m ajo r  p r o d u c t  2 , 3 -p e n ta m e th y l e n e i n d o l e  (52 , 25^ ) .
I n  a d d i t i o n ,  ' ' - b i 8 p l r o ^ c y o l o h e x a n e - l , 2 ' - i n d o l l n e 1 ,
19
(53> 2J.}5^ ) , and s p i r o  ^c jrc lo l iexane- l ,  2 ' - I n d o l I n - 3 ' - o n o l , 
(54} 8" '^)} were i s o l a t e d .
The c y c l o p c n t y l i d o n e  compound (49) gave o n ly  a low 
y i e l d  o f  1} 2 , 3 ,4 - t e t r a h y d r o c a r 'b a z ,o lo  (l5>>)} th e  an a lo gu e  
o f  t h e  i n d o l e  (5 2 ) ,  b u t  # j / ’~<ll™'2lhj'‘l —O ; - n i t r o s t y r e n 0 
(50) gave p r o d u c t s  c o r r e s p o n d i n g  to  a l l  t h o s e  d e s c r i b e d  
above .  —M ethyl—2 ’—n i t r o s t i l b e n e  (51)} however,  u n d e r ­
went d eo x y g o n a t io n  w i th  r e a r r a n g e m e n t ,  i n  h i g h  y i e l d ,  
t o  th e  i n d o l e  (55,75^1),  a l t h o u g h  no b i - i n d o l i n e  o r  
i n d o l i n o n e  were d e t e c t e d .  In  a d d i t i o n  to  t h e  m ajo r  
p r o d u c t  2 -m e th y l -3 -p h o n y 1In d o lo  (5 5 ) ,  l - e t l i y l - 2 - m e t h y l -  
3 - p h e n y l i n d o l e  ( 5 6 , 21^() was formed, p re su m a b ly  by 
é t h y l a t i o n  o f  t h e  i n d o l e  (55) by t r i e t h y l  p h o s p h a te .
+
H ^ (55) (56)
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F a r t h e r  advances  i n  th e  scope o f  th e  d e o x y g é n â t io n  
r e a c t i o n  were made by Oadogan, Maokie and Todd^^ i n  t h e i r  
r e p o r t  o f  th e  s j m t h e s i s  o f  p h e n o t h i a z i n e  (5k^o) from 
2 - n i t r o p h e n y l  p h e n y l  s u l p h i d e ,  and o f  3 -p h e n y l  an t h r  an i l  





Ring c l o s u r e  w i t h  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
a l s o  p ro v e d  s u p e r i o r  b o t h  t o  th e  e a r l i e r  d e c o m p o s i t io n  
o f  az ido-com pounds ,  and to  n i t r o - g r o u p  r e d u c t i o n  by 
f e r r o u s  o x a l a t e ,  f o r  th e  f o r m a t io n  o f  t e t r a - a z a p e n t a l e n e s  
from th e  c o r r e s p o n d i n g  n i t r o - t r i a z o l e s ; t h u s
1 - ( o - n i t r o p h e n y l ) - I H - b e n z o t r i a z o l e  gave d i b e n z o |b ,  f j  
l y 3 a , 6 , 6 a - t e t r a - a z a p e n t a l e n e  (3 7 ,6 0 - 9 0 ^ ) ,  ( c f .  U3% by 
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Very r e c e n t l y ,  t h e  a l k a l o i d  harman (5 8 ) h a s  been  
s y n t h e s i s e d  from 6-m ethy  1- 4 - p h e n y l -  2- p y r  i d o n e w i t h  
t h e  a i d  o f  t r i e t h y l  p h o s p h i t e  (Scheme 6 ) » The same 
a u t h o r 8^^ a l s o  r e p o r t  n o v e l  s y n th e s e s  o f  henzo 
c a r h a z o l e s  ( 5 9 , 60 ) and ox a 20 l o  | 5^ , 4-b ^  W  luo  1 in e  r i n g  
sys tem s  ( 61 ) from t h e  a p p r o p r i a t e  a r o m a t i c  n i t r o ­
compound and t r i e t h y l  p h o s p h i t e  (Scheme l ) .
(c )  The developm ent o f  t h e  n l t r e n e  h y p o t h e s i s  The 
m onova len t  n i t r o g e n  i n t e r m e d i a t e  R-if, where R may he 
h y d ro g e n ,  a h a lo g e n ,  an a l k y l ,  an a r y l , a s u lp h o n y l ,  
a p h o s p h a z y l  o r  an amino group ,  i s  i s o e l e c t r o n i c  w i th
g% oLt h e  c a rh e n e  R-OH and t h e  m onovalen t  oxygen c a t i o n  
R-O'^# I t s  e x i s t e n c e  was f i r s t  s u g g e s t e d  hy S t i e g l l t z ^ ^  
i n  1914 t o  a c c o u n t  f o r  t h e  mechanisms o f  th e  Hofmann,
C u r t l u s ,  ho8sen  and Beckmann r e a r ra n g e m e n ts*  A l tho u gh  
r e c e n t  work hy Robson and Speakman^^ h a s  c a s t  d o u b ts  
on th e  p a r t i c i p a t i o n  o f  a d i s c r e t e  n i t r e n e  i n  th e  th e rm a l  
( O u r t i u s )  r e a r r a n g e m e n t  o f  a c y l  a z id e s  to  i s o c y a n a t e s ,  
th e  e x i s t e n c e  o f  t h e  n i t r e n e ,  u n d e r  a v a r i e t y  o f  names, 
h a s ,  i n  g e n e r a l ,  been  a c c e p t e d  as  a u s e f u l  h y p o th e s i s *
As such ,  i t  h a s  been  f u l l y  re v ie w e d  up t o  19624.. ^^ -99
R ecen t  work h a s  c o n c e n t r a t e d  on th e  d e t e r m i n a t i o n  
o f  th e  e l e c t r o n i c  s t r u c t u r e  o f  th e  s p e c i e s  by  an e x a m in a t io n  
o f  i t s  c h e m ic a l  and p h y s i c a l  b e h a v io u r  u n d e r  d i f f e r e n t
22
c o n d i t i o n s * The n i t r e n e  ca n ,  in  t h e o r y  and in  p r a c t i c e ,  
e x i s t  e i t h e r  i n  th e  s i n g l e t  o r  t r i p l e t  s t a t e *  In  th e  
s i n g l e t  s t a t e ,  - k ,  w i th  a l l  e l e c t r o n s  p a i r e d ,  th e  
n i t r e n e  would be h i g h l y  e l e c t r o p h i l i c  and would add 
s t e r e o s p e c i f i c a l l y  to  d oub le  bonds* In  th e  t r i p l e t  
s t a t e ,  -k*., w i t h  two u n p a i r e d  e l e c t r o n s ,  t h e  b e h a v io u r  
would be t h a t  o f  a b i r a d i c a l ,  showing n o n - s t e r e o s p e c i f i c  
a d d i t i o n s ,  and i n s e r t i o n s  i n t o  d i f f e r e n t  bonds*
T h e o r e t i c a l  c a l c u l a t i o n s , e . s * r *  s p e c t r a ,
and u l t r a - v i o l e t  a b s o r p t i o n  s p e c t r a ,  ^03-105
77^K i n  a v a r i e t y  o f  o r g a n ic  g l a s s e s ,  i n d i c a t e  t h a t
p h o t o l y t i c a l l y  g e n e r a t e d  n i t r e n e s  e x i s t  i n  a t r i p l e t
105ground  s t a t e *  R e i s e r  s u g g e s t e d  t h a t  th e  r e a c t i v e  
s p e c i e s  i n  th e  p h o t o l y t i c  c y c l i s a t i o n  o f  2 - a z id o b ip h e n y 1 
t o  c a r b a z o l e  m igh t  be an e x c i t e d  t r i p l e t  b u t  a d m i t t e d  
t h a t  ^w h ile  t h e  e x i s t e n c e  o f  t h e  n i t r e n e  i n t e r m e d i a t e  
seems e s t a b l i s h e d ,  i t s  s p in  s t a t e  i n  t h e  r e a c t i o n s  
must s t i l l  rem a in  in  d o u b t " .  The r e l e v a n c e  o f  th e  
i n f o r m a t i o n  g a in e d  from p h o t o l y s i s  in  a s o l i d  m a t r i x  a t  
77^K to  more u s u a l  r e a c t i o n  c o n d i t i o n s  must a l s o  be 
q u es t io n ed *
The c h e m ica l  e v id e n c e ,  b a s e d  on th e  v a r i a t i o n s  in  
p r o d u c t  s t r u c t u r e  w i t h  r e a g e n t  c o n c e n t r a t i o n ,  s u g g e s t s  
t h a t  th e  th e rm a l  d e c o m p o s i t io n  o f  an a z id e  l e a d s  to  an
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e x c i t e d  s i n g l e t  n i t r e n e  which  may r e a c t  as  su ch  o r  may 
decay  to  th e  t r i p l e t  g round  s t a t e *  Lwowski^^^ h a s  p r o ­
v i d e d  s e m i - g u a n t i t a t i v e  d a t a  from th e  r e a c t i o n  o f  
c a r h e t h o x y n i t r e n e ^  g e n e r a t e d  h y o ( - e l i m i n a t i o n  from 
N - ( p - n i t r o h e n z e n e s u l p h o n y l o x y ) u r e t h a n ,  8 0 ^ 0 -EHGOOEt,
w i t h  o t - m e t h y l s ty r e n e ,  t o  show t h a t  th e  decay  o f  th e  
s i n g l e t  n i t r e n e  t o  th e  t r i p l e t  s t a t e  i s  a h o u t  o n e -  
t h i r t i e t h  a s  f a s t  as  th e  a d d i t i o n  to  th e  c i s - o l e f i n  
( Scheme Ô),
107Sm olinsky  examined t h e  th e rm a l  d e c o m p o s i t io n  o f  
o p t i c a l l y - a c t i v e  2 - a z i d o - ( 2 ^ - m e th y l h u t y l )h enzene  i n  th e  
vap ou r  p h a s e ,  and in  d ip h e n y l  e t h e r  s o l u t i o n #  Ih h o t h  
c a s e s ,  t h e  m ajo r  p r o d u c t  was o p t i c a l l y - a c t i v e  2 - e t h y l -  
2-me th y  in  do 1 in e  (5C% and If. 3^ r e s p e c t i v e l y ) ,  which, he 
s u g g e s t e d ,  had  h een  fo rm ed  hy d i r e c t  i n s e r t i o n  o f  a s i n g ­
l e t  n i t r e n e  i n t o  t h e  a l i p h a t i c  0-H hond a t  t h e  2 - p o s i t i o n  
o f  t h e  s i d e  c h a in  ( Scheme 9 )# The r e a c t i o n  was more 
l i k e l y  to  in v o lv e  a p a r t i a l l y  bonded t r a n s i t i o n  s t a t e  (6 2 ) ,  
t h a n  to  go hy th e  a l t e r n a t i v e  r a d i c a l  a b s t r a c t i o n  and 
r e c o m b in a t io n  p r o c e s s  w hich  would l e a d  to  e x t e n s i v e  
r a c é m i s a t i o n  (63 )# A s i g n i f i c a n t l y  g r e a t e r  d eg ree  o f  
r e t e n t i o n  o f  c o n f i g u r a t i o n  was o b s e rv e d  i n  th e  vapour  
p h a s e  r e a c t i o n ,  s u g g e s t i n g  t h a t  c o l l i s i o n a l  d e a c t i v a t i o n  
o f  th e  s i n g l e t  n i t r e n e ,  p o s s i b l y  fo l lo w e d  hy r e a c t i o n
•.NOOOEt 4-
.CL . 0a
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a c c o r d in g  to  th e  r e c o m h in a t io n  p r o c e s s  (63 ) ,  took  p l a c e  
more r e a d i l y  in  s o l u t i o n #
A s i m i l a r  c o l l i s i o n a l  d e a c t i v a t i o n  p r o c e s s  was d i s -
108c u s s e d  hy  A n a s t a s s i o u  i n  r e l a t i o n  to  th e  i n s e r t i o n  
r e a c t i o n s  o f  t h e r m a l l y  g e n e r a t e d  c y a n o n i t r e n e  (6li) •
A
 s NON  — 4. RNHON3 •• ^
In  th e  absence  o f  s o l v e n t ,  i n s e r t i o n  to o k  p l a c e  i n  an 
e s s e n t i a l l y  s t e r e o s p e c i f i c  f a s h i o n ,  w h i le  i n  an i n e r t  
s o l v e n t  such  a s  m e th y len e  c h l o r i d e  o r  b ro m id e ,  th e  t r i p l e t  
g r o u n d - s t a t e  became a c c e s s i b l e  th ro u g h  c o l l i s i o n a l  
d e a c t i v a t i o n ,  and i n s e r t i o n  became n o n - s t e r e o s p e c i f i c *
The i n s e r t i o n  r e a c t i o n s  o f  c a r b e t h o x y n i t r e n e  w i th  
1 , 4 - d i o x a n , ^ ^ ^  and w i t h  a n t h r a c e n e , ( Schemes 10 and l l )* 
gave q u a l i t a t i v e l y  s i m i l a r  r e s u l t s .  In  th e  fo rm e r ,  w i th  
v a r y i n g  c o n c e n t r a t i o n s  o f  r e a g e n t ,  p r o d u c t  r a t i o s  sug­
g e s t e d  t h a t  p a t h  a p r e d o m in a te d  o v e r  p a t h  b i n  t h e  r a t i o  
3:1# In  t h e  l a t t e r ,  a d ichotom y o f  mechanism was a g a in  
s u g g e s t e d ,  i n v o l v i n g  b o t h  d i r e c t  s u b s t i t u t i o n  and i n t e r ­
m ed ia te  a z i r i d i n e  fo rm a t io n #  I t  was a l s o  p o s s i b l e  t h a t  
th e  s i n g l e t  n i t r e n e  m ig h t  s u b s t i t u t e  v i a  a z w i t t e r i o n i c  
i n t ë r m e d i a t e  ( p a t h  d ) * At h i g h  r e a g e n t  c o n c e n t r a t i o n s ,  
p a t h s  £ ,  d and e^  were i n v o lv e d ,  whereas  a t  low r e a g e n t  
c o n c e n t r a t i o n s ,  p a t h  e p re d o m in a te d .
25
A z i r i d i n e s  and a z i r i n e s ,  t h e  c h e m i s t r y  o f  which has
1*1 “Iheen  re v ie w e d  hy P an t a ,  "" have now heen  i s o l a t e d  from 
a number o f  n i t r e n e - o l e f i n  a d d i t i o n  r e a c t i o n s 110 , 112- 118
Thus w h i le  th e  p y r o l y s i s  o f ^ - m e t h y l - ^ - a z i d o s t y r e n e  
gave th e  c o r r e s p o n d i n g  in d o l e  i n  8 (ÿ  y i e l d ,  i r r a d i a t i o n  
a t  3 6 3 0 ‘Â gave 2 - p h e n v l - 3 - ' m e t h y l - a z i r i n e  (6X) as  a 
s t a b l e  p r o d u c t  which ,  on h e a t i n g ,  un de rw en t  r e a r r a n g e m e n t
118to  2 -m e th y lin d o le ' (65 ) :











Where a d d i t i o n  to  a doub le  bond i s  n o t  f a v o u re d ,  
t h e  n i t r e n e  may und erg o  i n s e r t i o n  i n t o  a 0-H band (66 , 67) ,  
o r  i n t o  a 0 -0  bond (6 8 ) ,  o r  may a b s t r a c t  hydrogen  atoms 
from th e  s o l v e n t  o r  from o t h e r  r e a c t a n t s  (69 ) .  Po lymer­
i s a t i o n  to  i n t r a c t a b l e  t a r s  may accompany t h e s e  r e a c t i o n s . 119
EtOOON- ■>EtOOON
PîiNB e y e lo h e x y 1a n i l i n e
(66)
NHOOOEt
c y c lo h e x e i iy l i i r e t i i a n s  (67 )
26
h v
+ a o o o E ->
N-OOOEt IT-Garbe thoxyaze ip ine
EtOOGHH.
The p r o d u c t s  from t h e s e  d i f f e r e n t ,  r o o s i h l e ,
r e a c t i o n s  ( a n i l i n e s  from p h e n y l  n i t r e n e ^ ^ ^ ^  and
Tin 11'^ 1 oou r e t h a n s  from c a rh e  thoxyn  i t r  ene ,  ~  ^ j. u
10 7,1 1 9 -1 2 2
(69)
azen m e  s , and s u b s t i t u t e d  amines hy hydrogen
a b s t r a c t i o n s  l l h ^  have a l l  heen  i s o l a t e d  i n  r e a s o n ­
a b l e  y i e l d s o  D i m é r i s a t i o n ,  f o l l o w i n g  hy d rogen  a b s t r a c t i o n ,  
may a l s o  t a k e  n l a c o : " ^ ^
R-N' 4 R-N-H 4 R-NH-NH-R
Manjr d i f f e r e n t  a z e p i n e s  have been  i n v e s t i g a t e d  in  
r e c e n t  y e a r s ,  f o l l o w i n g  th e  work o f  H u i s g e n ,^^5-126 
1958, on th e  d e c o m p o s i t io n  o f  a r y l  a z i d e s  in  a n i l i n e :
m p h
^—4
T h is  a z e p in e  had been  i s o l a t e d  e a r l i e r  by W olff ,  who
a s s i g n e d  an i n c o r r e c t  s t r u c t u r e  to  i t ,  and c a l l e d  i t
" d ib e n z a in i l " .  N -c a rb e th o x y a s o p in e  ( ? 0 ) , fo rm ed in  th e
d i r e c t  p h o t o l y t i c  r e a c t i o n  o f  benzene  ^^^ith a s i n g l e t  
122n i t r e n e ,  c o u ld ,  i t  was s u g g e s te d ,  t h e n  r e a r r a n g e  to  
t h e  c o r r e s p o n d i n g  u r e th a n ^ ’^^^^^^ (7 l )o
MeSO^ + CgHg + (N 0 )g 0 = 0 (0 r r )2
i+8 h r s . 120
(76) I'^.SOgMe SO 2^® TONE NSC„M e




4- EtOOGN liv (f \  V> 1 1 H-coojîît —^  r
(70) (71)
The p h o t o l y s i s  o f  p h e n y l  a s i d e  i n  d i e th y l a m in e  l e d  
d i r e c t l y  t o  2- d i e  th^^i am ino  -  3H- a se]) in e  ^  ^  ^  (72^ :
(72)
The most r e c e n t  d i s c u s s i o n  o f  th e  a s i r i d i n e - a s e p i n e  
sys tem  c o n c e rn e d  t h e  mechanism o f  t h e  r e a c t i o n  o f
197methane su lphony  I n i  t r  ene ^irith "benzene o ' ' P r e v io u s  i n ­
v e s t i g a t i o n s  o f  t h e  t h e r m a l  d e c o m p o s i t io n  o f  m ethane-  
su lp h o n y  1 a z id e  i n  "benzene hac3. sho^ma th e  f o r m a t i o n  o f  
N~me th an e  s u lp h o n y l  an i l  in e  73) and m ethanesu lphonam ide
(lij,. 7U) (Scheme 1 2 ) , No seven-mem'bered r i n g  com­
pounds (.75) were d e t e c te d *  The r e s u l t s  were r a t i o n a l i s e d  
i n  te rm s  o f  a s i n g l e t  s u l p h o n y l n i t r e n e  RSOoN which added 
to  "benzene to  form t h e  "b icy c l ic  a z i r i d i n e  i n t e r m e d i a t e  
(7 6 )* In  an a t t e m p t  to  t r a p  t h i s  a z i r i d i n e ,  th e  r e a c t i o n  
was r e p e a t e d  a t  120^ in  an e x c e s s  o f  t e t r a c y a n o e t h y l e n e  
(TGNEI)j t o  g iv e  a n o n - s y m m e t r i c a l  ad^^uct (77) o b t a i n e d  
a l s o  froîn an a u t h e n t i c  sample o f  N-me th a n e  su lp h o n y  1-  
a z e p in e  w i t h  TONE in  benzene  a t  80^*
P i n a l l y ^  and u n d e r  v e ry  d i f f e r e n t  r e a c t i o n  c o n d i t i o n s
e .g . f e r r o u s
















n i t r e n e  f o r m a t i o n  h a s  heen  p o s t u l a t e d  i n  c o n n e c t io n  
w i th  th e  th e rm a l  c y c l i s a t i o n  o f  a ro m a t ic  n i t ro -c o m p o u n d s
1 n "%-{ *1 VTw i t h  f e r r o u s  o x a l a t e ^  ~ o t h e r  m e t a l l i c  c a t a l y s t s ,
122 ,135 13Uw i t h  san d ,  ^ a n d  w i t h  ca rh o n  monoxi de’" t o  g iv e  
c a r h a z o l e s ,  i m id a z o l e s ,  p h e n a z in e s ,  p h e n a n t h r i d i n e s ,  
a z o -  and azoxyhenzenes  and l i k e  compounds, i d e n t i c a l  
w i t h  th o s e  p ro d u c e d  hy d e o x y g e n a t io n  o f  t h e  c o r r e s p o n d in g  
n i t ro -c o m p o u n d s  w i th  t r i e t h y l  p h o s p h i t e ,  a s  d e s c r i b e d  
e a r l i e r  (Scheme 15)* A l t e r n a t i v e  r e a c t i o n  mechanisms 
which do n o t  r e c u i r e  th e  p a r t i c i p a t i o n  o f  a n i t r e n e  
i n t e r m e d i a t e  have h ee n  p ro p o s e d ;  t h e s e  i n c l u d e  t h e  p r i o r  
r e d u c t i o n  o f  th e  n i t r o - g r o u p  to  th e  amine, which ,  i n  th e  
c a s e  o f  2 - am inoh ipheny1, * i s  knovm to  undergo  r i n g  
c l o s u r e  (78), and t h e  d e h y d r a t i o n  o f  th e  a c i - n i t r o
f e r r o u s  n—^  o x a l a t e  a  ^
The e x p e r i m e n ta l  work so f a r  does n o t  a l lo w  any c l e a r  
d i s t i n c t i o n  to  he made be tw een  t h e s e  t h r e e  s u g g e s t e d  
r e a c t i o n  mechanisms »
29
Thus th e  r e a c t i o n s  o f  th e  n i t r e n e  i n t e r m e d i a t e  
have heen  s tu d ied ,  i n  a v a r i e t y  o f  r e a c t i o n s  o u t s i d e  t h e  
f i e l d ,  o f  o rg a n o p h o sp h o ru s  c h e m is t r y ,  and. th e  s i m i l a r i t y  
o f  i t s  b e h a v io u r  to  t h a t  o f  th e  ca rh en c  in ter .m ed.ia te  has  
h een  noted.* The a p p l i c a t i o n  o f  th e  n i t r e n e  h y p o t h e s i s  
t o  t h e  mechanism o f  th e  d.e o xygénâ t  ion  o f  a ro m a t ic  
n i t r o s o -  and n i t ro -c o m p o u n d s  by t e r v a l e n t  p h o sp h o ru s  
r e a g e n t s  re m a in s  t o  he d i s c u s s e d *
(d ) The mechanism o f  th e  r e a c t i o n  w i t h  a r o m a t i c  n i t r o s o -  
compounds♦ A l th o u g h  th e  mechanism o f  t h i s  r e a c t i o n ,  and 
o f  t h a t  w i t h  a r o m a t i c  n i t ro -c o m p o u n d s ,  w i l l  he d i s c u s s e e d  
f u r t h e r  in  th e  l i g h t  o f  e x p e r im e n ta l  work d e s c r i b e d  in  
a l a t e r  c h a p t e r ,  a summary o f  e a r l i e r  work may he g iv e n  
a t  t h i s  p o in t*
P r i o r  t o  th e  f i r s t  s u g g e s t i o n  o f  n i t r e n e  p a r t i c i p a t i o n  
i n  t e r v a l e n t  p h o s p h o ru s  d e o x y g e n a t io n s ,  ‘ Boyer and 
E l l z e y '®  r e p o r t e d  t h e  d eo x y g e n a t lo n  o f  o - d i n i t r o s o h e n z e n e  
to  ben  20 f u r  a z an, and s u g g e s t e d  a mechanism depe.nd.ent 
U]pon th e  p r e s e n c e  o f  ' - a t e r  in  th e  e t h a n o l  s o lv e n t*  T h is  
was a p p a r e n t l y  c o n f i rm e d  i.lien, w i t h  anhydrous  p e t ro le u m  
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( 8 0 )
A t h i r d  p o s s i b i l i t y  m igh t  a r i s e  from th e  s u g g e s t i o n
136o f  Bo^'or e t  a lo  - t h a t  h e n z o fu ro x a n s  may be c o n s i d e r e d  
as  7^r*-o~-dinitrovso-aromatic compounds (8 l )  :
N-
N - 0
( 8 1 )
T h is  has  heen  d i s c u s s e d  f u r t h e r  hy K a tr i tzk s rg -^ '^
*} •/' pB a i l e y  and Case o S ho u ld  t h i s  be so^ and i f^  i n  tu rn ^
o - d i n i t r o s o b e n z e n e s  r e a c t  as  bon zo f u r  ox an s , t h e n  t h e  
r e a c t i o n  m ig h t ,  in  t h i s  c a s e ,  be d i r e c t l y  v i a
31




Tills l a s t  r e a c t i o n  h as  h een  r e p o r t e d  by Oadogan a t  a l . 
i n  th e  d e o x y g e n a t io n  o f  ^ - n i t r o n i t r o s o b e n s e n e  to  
benzo f u r a z a n  by t r i e t h y l  p h o s p h i t e .
Ih
Bunyan and Oadogan in  t h e i r  p a p e r  on th e
d e o x y g e n a t io n  o f  O~nitroso~com pounds by t r i e t h y l  p h o s p h i t e ^  
a t t r i b u t e d  th e  f o r m a t i o n  o f  azoxy-compounds from
e t h y I n  i  t r o s o b e n  zone and dime thy lam  i n o n i t r o s o b e n z e n e  
to  a t t a c k  on inch ang ed  n i t ro s o -c o m p o u n d  by a n i t r e n e  
i n t e r m e d i a t e .  In  ag reem en t  w i th  t h i s  h y p o t h e s i s ,  an 
i n c r e a s e  in  th e  r e l a t i v e  amount o f  t r i e t h y l  p h o s p h i t e  
u s e d  i n  th e  l a t t e r  c a s e  c a u s e d  a d e c r e a s e  i n  t h e  amount 
o f  azoxy-compound, and an i n c r e a s e  in  th e  p r o p o r t i o n  o f  
W - n -d im e th y la m in o p h e n y lp h o s p h o r im id a te . T h is  l a t t e r  
p r o d u c t  c o u ld  o b v i o u s l y  a r i s e  by i n t e r a c t i o n  o f  t h e  n i t r e n e  
w i t h  t r i e t h y l  p h o s p h i t e  i n  a r e a c t i o n  s i m i l a r  to  th e
f o r m a t i o n  o f  m e th y le n e p h o s p h o ra n e s  from t r i p h e n y 1-
119p h o s p h in e  and c a r b o n e s .
T lSundberg ,  i n  h i s  r e ~ i n v e s t i g a t i o n  o f  th e  
d e o x y g e n a t io n  o f  a number o f  o - a l k y I n i t r o s o b e n z e n e s , 
i s o l a t e d  a number o f  amines (from g - a b s t r a c t i o n )  and
K(83)
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c y c l i s e d  p r o d u c t s  (from C-H i n s e r t i o n )  c o n s i s t e n t  w i th  
th e  i n t e r m e d i a c y  o f  a n i t r e n e »  U n f o r tu n a t e ly ^  as  i n  
many such  r e a c t i o n s ,  t h e  m ajo r  ’^ product'^ '•'•as em i n t r a c -  
t a h l e ,  b r i t t l e  g l a s s  w hich  d e f i e d  d i s t i l l a t i o n ^ ,  The 
p o s s i b i l i t y  t h a t  t h e  s k e l e t a l  r e a r r a n g e m e n t  p r o d u c t s  
( 25 , 26) had  a r i s e n  from th e  n i t r e n e ,  th ro u g h  th e  
7 - a z a b i c y c l o  loj h e p t a t r i a n e  i n t e r m e d i a t e  ( 83 ) p r o ­
p o s e d  e a r l i e r  by  H u isg en ^ ^^  was d i s c u s s e d  (Scheme lU )a
(8 3 )
Hoi^ever, i n  th e  l i g h t  o f  l a t e r  r e s u l t s ,  from th e  p h o t o l y s i s
A 5o f  o - a l k y l n i t r o a r o m a t i c s  in  t r i e t h y l  p h o s p h i t e ,
(Scheme 15.').y th e  s u g g e s t e d  mechanism h a s  been  w i t h -  
dravm* Both schemes w i l l  be d i s c u s s e d  l a t e r .
F a r t h e r  e v id e n c e  f o r  n i t r e n e  p a r t i c i p a t i o n  i n  t h e s e  
r e a c t i o n s  "ras p r o v i d e d  by th e  r e p o r t  o f  Odum and B renn e r^^^  
t h a t  2- d i e t h y l a m i n o - 3H -a z e p in e  (Qk) had  b een  p r e p a r e d  
by th e  r e a c t i o n  o f  n i t r o s o b e n z e n e  and t r i p h e n y l -  o r  
t r i b u t y l p h o s p h i n e  i n  d i e t h y la m in e .  T h is  was o f  c o u r s e ,  
d i r e c t l y  p a r a l l e l  t o  t h e i r  e a r l i e r  work^^^ on th e  p h o t o l y s i s  
o f  p h en y l  a z id e  in  d i e t h y l a m i n e .  (72 )
NEtg
















B t 2KH 1 K ( 7 2 )
h y
? e I n g a r t e n ^  '  i n  one o f  th e  few c o m p a ra t iv e
s t u d i e s  o f  t h e  c h e m i s t r y  o f  t e r v a l e n t  p h o sp h o ru s  and 
a r s e n i c  r e a g e n t s ^  r e p o r t e d  t h a t  b o t h  t r i s d i m e t h y l a m i n o -  
pho sp h in e  and t r  i s  ci.imethyl am i n o a r  s i n e  gave azoxyhenzene 
from t h e i r  r e a c t i o n s  w i t h  n i t r o s o b e n z e n e . The main 
d iv e r g e n c e  i n  t h e i r  c h e m i s t r y  was due to  th e  f o r m a t i o n  
o f  th e  s t a b l e  t r i s d i m e t h y 1am inophosphine oxide^ which 
h a s  no known a r s e n i c  analogue®
(e)  The mechanism  o f  th e  r e a c t i o n  w i t h  a r o m a t i c  n i t r o -  
compounds* The e x t e n s i o n  o f  th e  d e o x y g e n a t io n  r e a c t i o n  
t o  a ro m a t ic  n i t r o - c o m p o u n d s ^ ^ ' a g a i n  gave r e s u l t s  
b r o a d l y  c o n s i s t e n t  w i t h  th e  i n t e r m e d ia c y  o f  a n i t r e n e .
I t  was s u g g e s t e d  t h a t  t h e  r e a c t i o n  fo l lo w e d  an i n i t i a l  
n u c l e o p h i l i c  a t t a c k  on b o t h  n i t r o -  and n i t r o s o - o x y g e n ,  
p o s s i b l y  w i th  i n t e r m e d i a t e  r e d u c t i o n  o f  t h e  n i t ro -c o m p o u n d  
t o  th e  more r e a c t i v e  n i t ro s o -c o m p o u n d .  The o n ly  e v id e n c e  
f o r  t h i s  i n t e r m e d i a c y  o f  th e  n i t r o s o - g r o u p  came in  a 
r e c e n t  re% )ort^ '^  o f  t h e  i s o l a t i o n  o f  k -  ac e t y  Ib e n z  0 f u r  a z an 
(86) from th e  r e d u c t i o n  o f  3 - m e t h y l - 7 - n i t r o - a n t h r a n i l  ( 8 5 ) .  
In  v iew  o f  e a r l i e r  work^^^ on th e  r e a c t i o n s  o f  U - n i t r o s o -  
b e n z o fu ro x a n  (8 7 ) ,  a n i t r o s o - i n t e r m e d i a t e  i s  a t  l e a s t
Ph
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p o s s i b l e  i n  t h i s  p a r t i c u l a r  r e a c t i o n  (Scheme l 5 ) .
As an a l t e r n a t i v e  to  t h i s  n i t r o - n i t r o s o - n i t r e n e
8 Dsy s tem ,  Sundberg  h a s  p o s t u l a t e d  th e  i n t e r m e d i a c y  o f  
1 - h y d r o x y i n d o l e s  (88) i n  th e  i n d o le  s y n t h e s e s  d e s c r i b e d  
e a r l i e r 1 - E t h o x y i n d o l e s  were i s o l a t e d ,  as  by ­
p r o d u c t s ,  p re su m a b ly  as  a r e s u l t  o f  a l k y l a t i o n  o f  th e
1 - h y d r o x y i n d o l e s  by  t r i e t h y l  phosphate®
In  one p a r t i c u l a r  c a s e ,  1 - h y d r o x y - 2 - p h e n y l i n d o l e  
(15$ )  was i s o l a t e d  a f t e r  one h o u r  from th e  r e a c t i o n  
mixture® T re a tm e n t  o f  an a u t h e n t i c  sample o f  1 -h y d ro x y -
2 - p h e n y l i n d o l e  w i t h  an e x c e s s  o f  t r i e t h y l  p h o s p h i t e  
r e s u l t e d  i n  th e  same p r o d u c t  d i s t r i b u t i o n  as  i n  th e  
o r i g i n a l  r e a c t i o n  (Scheme 1 7 ) .
In c o n t r a s t  to  t h i s ,  o - e t h y l n i t r o b e n z e n e ,  t h e  f u l l y -  
s a t u r a t e d  an a lo g u e  o f  t h e s e  o l e f i n s ,  gave m a in ly  
t r i e t h y l  g - o - e t h y lp h e n ^ r ip h o s p h o r im id a t e  u n d e r  s i m i l a r  
co n d i t io n s®
F u r t h e r  i n v e s t i g a t i o n s  o f  th e  r e a c t i o n s  o f  o - a l k y l -
n i t r o b e n z e n e s  w i t h  t r i e t h y l  p h o s p h i t e  u n d e r  thermal**^^
85and p h o t o l y t i c  c o n d i t i o n s  s u g g e s t e d  t h a t  t h e  n i t r e n e -
a s i r i n e - a z e p i n e  r e a r r a n g e m e n t  ( 8 9 ) m igh t  be t a k i n g  place® 
The f o r m a t i o n  o f  t h e  f i n a l  s k e l e t a l  r e a r r a n g e m n t  p r o d u c t  
was r e c o r d e d  i n  t h e  p h o t o l y t i c  r e a c t i o n  o n l y .  A more 
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n I /IA r e c e n t  com m unica t ion  from Gadogan e t  al» 
r e p o r t e d  th e  i s o l a t i o n  o f  d i e t h y l  2- e t h y 1- 3H -a z e p in -  
7 y l p h o s p h o n a t e  ( 9O j l 2'0  a s  an a d d i t i o n a l  p r o d u c t  from 
t h e  r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e  w i t h  o - e t h y l n i t r o -  
“b en zen e .  The o t h e r  p r o d u c t s  o f  th e  r e a c t i o n  were 
t r i e  th y  1 N~*£-e th y Ip h e n y Ip h o  sp h o r  im i d a t e  ( 91 ) 5 d i e  th y  1 
N -e th y l - ^ N -o -e th y lp h e n y lp h o s p h o ra m id a te  ( 92 )  ^ and F - p -  
othy3yhonylphoB;:hor. 'vmidate (93 ) (Scheme 18 ) , In  th e  
absence  o f  d ie th y la m in e ^  t r i e t h y l  p h o s p h i t e  i t s e l f  m igh t  
a c t  as  th e  n u c l e o p h i l e  to  g iv e  a phosphonium i n t e r m e d i a t e , 
from which e t h y l e n e  (509% b a s e d  on a z e p in e )  was th e n  
e l i m i n a t e d  to  g iv e  th e  a z e p i n e .
F u r t h e r  e v id e n c e  f o r  n i t r e n e  p a r t i c i p a t i o n  was 
p r o v i d e d  by th e  r e a c t i o n  o f  an e z o e s s  o f  t r i e t h y l  p h o s ­
p h i t e  w i t h  2 ^ - n i t r o - 2^b.g6- t r im e th y lb ip h e n y l^ ^ " ^  to  g iv e  
2 ' - a m in o -  2, 6- t r  ime t h y  l b  ipheny  1 ( 9 -^y 13?^ ) 5 p re su m a b ly  
v i a  hydrogen  a b s t r a c t i o n ^  and t r i e t h y l  
t  r  ime th y  l b  ip h en y  1 -  2- y  1 ) pho spho r  im i  da t  e (95 , 159? ) .
Me
.Me
( 9U) P(Of)t)^  ( 93 )
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The amine (9 1^.) had  heen  o b t a i n e d ,  amongst o t h e r  
p r o d u c t s ,  (9 6 ,9 7 )   ^ by  Smolinsky^*'^ i n  an e x a m in a t io n  o f  
t h e  th e rm a l  d e c o m p o s i t io n  o f  2 ^ -az id o -2 , l j . ,  6 - 1 r im e t h y  1 -  
b i p h e n y l .  % e n  t h e  r e a c t i o n  was c a r r i e d  o u t  i n  th e  
p r e s e n c e  o f  i s o p r o p y lb e n z e n o ,  hydrogen  a b s t r a c t i o n  l e d  to  
t h e  f o r m a t i o n  o f  bi-Oi,-cumyl (ll^< i s o l a t e d ) . I n s e r t i o n  





8m ol in sky  a l s o  s t u d i e d  t h e  r e a c t i o n  o f  ( + ) - ( S ) « 2 - n i t r o -
1 - (2 - m o th y I b u ty l ) b e n z e n e  w i t h  t r i e t h y l  p h o s p h i t e ,  
from which he o b t a i n e d  a p a r t i a l l y - a c t i v e  {50fo) i n  do l i n e  
(9 8 ,2 5 < ) .
(98)
T h is  was compared w i t h  a 6(% y i e l d  o f  G5% a c t i v e  i n d o l i n e  
from th e  d e c o m p o s i t io n  o f  t h e  c o r r e s p o n d i n g  a z id e  (Scheme 9 ) .  
I t  was s u g g e s t e d  t h a t  t h e  d eo x y g e n a t io n  o f  t h e  n i t r o —group 
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F i n a l l y 5 a d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  s y n t h e s i s
89o f  p h e n o t h i a s i n e  from 2- n i t r o p h e n y l  p h e n y l  s u l p h i d e
1^0h a s  r e v e a l e d  a  new m o le c u la r  i*earrangement# Thus,
w h i le  i j . -m ethy l-2- n i t r o p h e n y l  p h e n y l  s u l p h i d e  gave 
2-m e th 5r l p h e n o t h i a z i n e  ( 36^ )  and N - e t h y l ~ 2-m e th y lp h e n o -  
t h i a z i n e ,  t h e  I s o m e r ic  h -m e th y Ip h e n y 1 2 - n i t r o p h e n y l  
s u l p h i d e  gave 3- n i e t h y l p h e n o t h i a z i n e  and i t s  K - e t h y l  
d e r i v a t i v e .  Mien t h e  r e a c t i o n  was c a r r i e d  %ut cumene, 
l4.“ C h l o r o - 2 ~ n i t r o p h e n y l  p h e n y l  s u lp h id e  gave 2 - c h l o r o -  
p h e n o t h i a z i n e  ( 55%) w h i l e  i i~ ch lo ro p h e n y l  2- n i t r o p h e n y l  
s u l p h i d e  gave 3-  ( 83%) r a t h e r  th a n  2~ c h i o r o p h e n o t h i a z i n e  
(Scheme 1 9 ) » Once a g a in ,  t h e  p a r t i c i p a t i o n  o f  a n i t r e n e  
i n t e r m e d i a t e  i s  p o s t u l a t e d .  The s ix-m em hered  r i n g  may 
he form ed hy r e a r r a n g e m e n t  o f  a f iv e -m em hered  s p i r o -  
I n t e r m e d i a t e  fo rm ed ,  i n  t u r n ,  hy e l e c t r o p h i l l c  a t t a c k  
a t  t h e  e l e c t r o n - r i c h  1 ^ - p o s i t i o n .
( f ) O th e r  d e o x y g e n a t io n  r e a c t i o n s  o f  t e r v a l e n t  
p h o sp h o ru s  r e a g e n t s .  The d e o x y g e n a t io n  o f  some 
p y r i d i n e - N - o x i d e s  h a s  heen  s t u d i e d  b r i e f l y ,  h u t  gen­
e r a l l y  w i t h o u t  th e  i s o l a t i o n  o f  any p r o d u c t  o t h e r  t h a n  
t h e  o x i d i s e d  p h o s p h o ru s  m o ie ty .  l f . -N i t ro p y r id in e -N -  
o x id e ,  when h e a t e d  w i t h  t  r  iph en y  Ipho sph in e  i n  th e
38
ab sen ce  o f  any s o l v e n t ,  gave brown n i t r o u s  fumes and a
b l a c k  t a r ,  from  which o n ly  t r i p h e n y I p h o s p h i n e  o x id e  was 
151i s o l a t e d *  v%ien th e  r e a c t i o n  was c a r r i e d  o u t  i n  
b o i l i n g  c h lo r o f o r m ,  t h e  c o n d i t i o n s  were to o  m i l d  f o r  
a r e a c t i o n  t o  t a k e  p la c e *
A f r e e - r a d i c a l  p r o c e s s  was s u g g e s t e d  f o r  t h e  
r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e  w i t h  4 - n i t r o p y r i d i n e -  
g - o x i d e * The r e a c t i o n ,  c a t a l y s e d  by b o t h  
p e r o x i d e s  and  oxygen,  had  a r a t e  o f  r e a c t i o n  which 
v a r i e d  w i t h  t h e  s t a t e  o f  t h e  s o l v e n t  and was g e n e r a l l y  
n o n - r e p r o d u c i b l e  »
H i t r i l e  o x i d e s , - n i t r o s t y r e n e ^ ^ ^  and 1- n i t r o -  
pheny l e t h a n e , a n d  v a r i o u s  i s o c y a n a t e s ^ ^ ^  have been  
r e d u c e d  to  t h e  c o r r e s p o n d i n g  n i t r i l e s  by  t e r v a l e n t  
p h o sp h o ru s  r e a g e n t s :
RC=NO .  RC=N + Ph,PO
PhOH=OmOg PhCHgOF , (BtO)^P phCHgOHgNOg
roof  RCF + RFC + (RO)^PO + (RO) gPOOF
Simple  a l i p h a t i c  n i t ro -c o m p o u n d s  show few r e a c t i o n s  
w i th  t e r v a l e n t  p h o s p h o ru s  r e a g e n t s *  Under m i ld  c o n d i t i o n s ,  
no r e a c t i o n  a t  a l l  o c c u r s * A l l e n ^ ^ ^  showed t h a t  
2- c h l o r o - 2- n i t r o p r o p a n e  r e a c t e d  w i th  t r i e t h y l  p h o s p h i t e
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t o  g iv e  d i e t h y l  i s o p ro p y l id e n e a m in o p h o s p h a te  (99 ) ,  
t r i e t h y l  p h o s p h a te  and e t h y l  c h lo r id e *
(EtO)^P  ^ 0=ÿ-ÔMeg ^  (EtO)2P(0)ON=:CMe2 + S tO l
(EtO)^P 
(Et0)gP(0)0Nc=CMeg
T r i p p e t t ^ ^ ^ ^ i n v e s t i g a t e d  t h e  r e a c t i o n  o f  v a r i o u s
1 - h a l o - l - n i t r o a l k a n e s  w i t h  t r i p h e n y I p h o s p h in e *  The
phosphonium s a l t  i n t e r m e d i a t e  was shown to  he  an
^ - h y d ro x y im in o a lk y Ip h o s p h o n iu m  brom ide  ( lOO)^^^ r a t h e r
t h a n  t h e  c j ( -n i t ro a lk y lp h o sp h o n iu m  b rom ide ,  a s  s u g g e s t e d  
159e a r l i e r ;  ^
Ph^POR=NOH Br"" (lOO)
S i m i l a r  i n v e s t i g a t i o n s  have been  c a r r i e d  o u t  by S p e z i a l e  
1 Aiand Smith*
Ohno h a s  r e p o r t e d  t h e  f i r s t  s u c c e s f u l  Beckman'n
1rearrangem ent o f  g e m - h a l o n i t r o s o c y c l o a l k a n e s *
Ego
   ' ' 0 ] -  (™ 2^ . E  H
+ P113PO
The c o r r e s p o n d i n g  n i t r o - c o m p o u n d s  a r e  r e p o r ted  t o  
behave  i n  a s i m i l a r  f a s h io n *
ko
U* Summary
At t h e  t im e t h a t  t h i s  i n v e s t i g a t i o n  commenced, 
t h e  r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i t h  sim­
p l e  h i f u n c t i o n a l  a r o m a t i c  n i t r o - c o m p o u n d s ,  such  as  
o - d i n i t r o h e n s e n e ,  and w i t h  a l k y l n i t r o h e n z e n e s , such  
as  o - e t h y I n i t r o h e n z e n e ,  had  r e c e i v e d  l i t t l e  a t t e n t i o n .
E a r l i e r  r e p o r t s  had  shown t h a t  o - d i n i t r o h e n z e n e ,
w i t h  t r  ip hen y  Ipho s p h i n e ,  gave a 1:1  adduct^^^'* w hereas
b o t h  o _ ~ d in i t ro so -^ ^  and £ - n i t r o n i t r o s o - b e n 2ene/^*’ w i th
t r i e t h y l  p h o s p h i t e ,  gave b e n z o fu ra z a n *  The r e a c t i o n  o f
t r i e t h y l  p h o s p h i t e  w i th  o - d i n i t r o b e n z e n e  gave a s o l i d
p r o d u c t ,  i s o l a t e d  by c h ro m a to g rap h y ,  which  c o u ld  n o t  be
] 65c h a r a c t e r i s e d  f u r t h e r .
l^h i le  t h e  r e a c t i o n  o f  t e r v a l e n t  p h o s p h o ru s  r e a g e n t s  
w i th  o - s u b s t i t u t e d  n i t r o b e n z e n e s ,  w i th  p h e n y l  e r  o t h e r  
u n s a t u r a t e d  g roups  a d j a c e n t  to  th e  n i t r o - g r o u p ,  h ad  been  
f u l l y  d i s c u s s e d , t h e  c o r r e s p o n d i n g  r e a c t i o n s  w i th  th e  
s a t u r a t e d  a l k y l  a n a lo g u e s  had  n o t .
I t  was d e c id e d  t h e r e f o r e ,  t h a t  t h e s e  r e a c t i o n s  
s h o u ld  be i n v e s t i g a t e d  i n  t u r n ,  t o  c l a r i f y  t h e  mechanism 
o f  t h e  r e a c t i o n s ,  and t o  e x t e n d  th e  scope o f  t h e  
r e a c t i o n  f o r  s y n t h e s i s .
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1* (a)  I n s t r u m e n t a t i o n  and A i a l y s i s .
I h f r a - r e d  ( i . r . ) s p e c t r a  were r e c o r d e d  on a v a r i e t y  
o f  P e rk in -E lm e r  I n f r a - r e d  S p e c t ro p h o to m e te rB ,  (Models 137, 
237, 237, and 6 2 1 ) .  S o l i d s  were examined as  N u jo l  m u l l s  
o r  as  t h i n - f i l m  m e l t s ,  and l i^^u ids  a s  t h i n  f i lm s *  U l t r a ­
v i o l e t  (uoVo) s p e c t r a  were r e c o r d e d  on a Unicam S,P* 800 
S p e c t ro p h o to m e te r*
N u c le a r  m ag n e t ic  r e s o n a n c e  ( n *m$r . )  s p e c t r a  were 
r e c o r d e d  on a P e r k i n - E l m e r  Model R*10, N u c le a r  M agnetic  
Resonance S p e c t r o m e te r ,  o p e r a t i n g  a t  6o M e*/sec* ,  w i th  
a p ro b e  t e m p e r a tu r e  o f  3h° .  Chemical  s h i f t s  were 
r e c o r d e d  as  t a u  (ir) v a l u e s ,  em ploy ing  t e t r a m e t h y l s i l a n e  
(T oMoS*) a s  an i n t e r n a l  r e f e r e n c e  (% -10* O)»
Q u a n t i t a t i v e  g a s - 1  i - 'u i d  ch ro m a tog raph y  ( g . l . c *  ) was 
c a r r i e d  o u t  on a G r i f f i n  D6 G a s -D e n s i ty  B a lance  Chroma- 
1 3g ra p h ,  u s i n g  2m*, 0*D* columns, and n i t r o g e n  as
t h e  c a r r i e r  gas* Q u a n t i t a t i v e  and a n a l y t i c a l  g . l . c *  
s t u d i e s  were a l s o  p e r fo rm e d  on P e rk in -E lm e r  P l l  , and 
V a r i a n  '*Aerograph" 1520 B i n s t r u m e n t s .  Both u s e d  
2m*, 0*D. columns w i th  n i t r o g e n  as t h e  c a r r i e r  g a s ,
and were f i t t e d  w i t h  tem p e ra tu re -p ro g ram m ed  ovens  and 
f l a m e - i o n i s â t io n  d e t e c t o r s *  Micro n e c e s s a r y ,  a  V a r i a n  
S a l t - t i p  (Caesium Bromide) P hosp ho rus  D e t e c t o r  ■>?as u s e d  
w i t h  t h e  Model 1520 B f l a m e - i o n i s a t i o n  u n i t *  A i . t e r n a t i v e l y
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t h e  Model 1520 B ch ro m a to g rap h  c o u ld  he u s e d  w i t h  a 
Gow-Mac 625 g a s - d e n s i t y  b a l a n c e ,  r e q u i r i n g  -r" O.D. 
columns* T h is  c o u l d  i n  t u r n  be  u s e d  i n  c o n j u n c t i o n  w i th  
a c o l l e c t i o n  u n i t ,  s u p p l i e d  by  '.Research and I n d u s t r i a l  
I n s t r u m e n t s  L t d . , f o r  th e  t r a p p i n g  o f  i n d i v i d u a l
g . l . c *  s e p a r a t e d  r e a c t i o n  p r o d u c t s  i n  s i l v e r  c h l o r i d e  
m i c r o - c e l l s  f o r  i . r . a n a l y s i s .
L a r g e - s c a l e  g # I . e .  s e p a r a t i o n s  were c a r r i e d  o u t  
w i t h  a  Pye 105 A u to m a t ic  P r e p a r a t i v e  Chrom atograph ,  
u s i n g  -y" O.D. g l a s s  columns*
The gV l.c*  s t a t i o n a r y  p h a s e s  u s e d  were n e o p e n ty l  
g l y c o l  s u c c i n a t e  ( N . P . G . S . ) ,  f l u o r o s i l i c o n e  o i l  FS-126 5  
(Q .F * -1 ) ,  p o l y e t h y l e n e  g l y c o l  a d i p a t e  ( P .E .G .A .) and 
A p ieso n  ^L* ( A . P . L . ) ,  a b s o rb e d  on c e l i t e *
The u s e  o f  t h e  g a s - d e n s i t y  b a l a n c e  i n  q u a n t i t a t i v e  
work depends  on th e  r e l a t i o n s h i p  which e x i s t s  b e tw een  
t h e  i n t e g r a l  r e s p o n s e  o f  th e  d e t e c t o r ,  t h e  peaîc a r e a  
i n  t h i s  c a s e ,  and t h e  m o le c u la r  w e ig h t  o f  t h e  compound 
p a s s i n g  t h r o u g h  i t . ^ ^ ^  The r e l a t i o n s h i p  i s  s t a t e d  as  
f o l l o w s  ;
n= kA
M-m
where n  = number o f  m oles  i n j e c t e d ,
m = m o le c u la r  w e ig h t  o f  t h e  c a r r i e r  g a s ,
h h
k  = c o n s t a n t  dep en d en t  on t h e  c h a r a c t e r ­
i s t i c s  o f  t h e  i n s t r u m e n t ,
A z= p ea k  a r e a ,
M = m o le c u la r  w e ig h t  o f  t h e  compound* 
T h e r e f o r e ,  f o r  a m i x tu r e  o f  compounds, and u s i n g  n i t r o g e n  
a s  th e  c a r r i e r  gas
^1 = A^(M2*r28)
Ug A ^ X l p W
I f  one o f  th e  compounds i s  an u n r e a c t i v e  i n t e r n a l  
s t a n d a r d ,  p r e s e n t  i n  m easu red  amounts ,  t h e n  th e  number 
o f  m oles  o f  t h e  o t h e r  compound p r e s e n t  i n  t h e  r e a c t i o n  
m ix tu r e  may be c a l c u l a t e d  a t  any t im e  by co m p ar iso n  o f  
t h e  a r e a s  o f  t h e  g * l # c .  pealis  due to  t h e  two compounds* 
Q u a n t i t a t i v e  e s t i m a t i o n  by means o f  a c h ro m a to g rap h  
f i t t e d  w i t h  a f l a m e - i o n i s â t io n  d e t e c t o r  r e q u i r e s  p r i o r  
c a l i b r a t i o n  o f  t h e  i n s t r u m e n t  w i th  a u t h e n t i c  sam ples  o f  
e a ch  component to  be  m easu red ,  a g a i n s t  some in tea^nal  
s ta n d a rd *
M e l t in g  p o i n t s  were d e te r m in e d  u s i n g  a Kof i e r  h o t -  
s t a g e  m ic ro s c o p e ,  and a r e  c o r r e c t e d .  R e f r a c t i v e  i n d i c e s  
were m easu red  a t  a s p e c i f i e d  t e m p e r a tu r e  i n  t h e  ra n g e  
20-25^ on a H i l g e r  Abbe R e f r a c t o m e t e r * M o le c u la r  
w e ig h t s  were d e t e 3?mined on a M echrolab  Vapor P r e s s u r e
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Osmometer 301 A. M ic r o a n a ly s e s  were c a r r i e d  o u t  by 
Dro A l f r e d  B e r n h a r d t ,  Muhlheim, Germany; by  Dr. G. W e i l e r  
Eind Dr. F .B .  S t r a u s s  a t  Oxford ,  and by Mr* J .  Bews on a 
P e rk in -E lm e r  Model 240 E le m e n ta l  A n a ly s e r  i n  t h i s  
D e p a r tm en t .
(b) P r e p a r a t i o n  o f  S t a r t i n g  M a t e r i a l s  and A u t h e n t i c  Samples 
Benzene, e t h e r ,  and l i g h t  p e t ro le u m  ( b . p .  4 0 -6 0 ° )  were 
r e d i s t i l l e d  and s t o r e d  o v e r  sodium w i r e . A c e t o n i t r i l e  
and d ime t h y 1 formami de were d r i e d  over  p h o sp h o ru s  p e n t -  
o x id e  and c a lc iu m  h y d r i d e ,  r e s p e c t i v e l y ,  b e f o r e  r e d i s t i l ­
l a t i o n  *
N i t r o b e n z e n e ,  o - ,  m-, and p - n i t r o t o l u e n e ,  o and p -  
e t h y l n i t r o b e n s e n e ,  o - ,  m-, and p - d i n i t r o b e n z e n e ,  o - ,  
m-, and p - n i t r o a n i s o l e ,  o - c h l o r o n i t r o b e n z e n e ,  o - n i t r o -  
b e n z o n i t r i l e ,  and c h l o r o - 2 , 4 ‘- d i n i t r o b e n z e n e  were p u r i f i e d  
b y  d i s t i l l a t i o n  o r  r e c r y s t a l l i s a t i o n .  1 , 2 , 4 - T r i n i t r o ­
b e n z e n e ,  m.p. 56° ,  was p r e p a r e d  i n  89%- y i e l d  by th e  
o x i d a t i o n  o f  2 , 4- d i n i t r o a n i l i n o  w i th  p e r o x y t r i f l u o r o -  
a c e t i c  acid.^*^"^
0- M e th y l -  and o -  e t h y  I n  i t r o s o b e n z e n e ,  m*p. 71^ and 
61^ r e s p e c t i v e l y ,  '"rere p r e p a r e d  i n  30% y i e l d  by r e d u c t i o n  
o f  t h e  c o r r e s p o n d i n g  n i t ro -c o m p o u n d s  i;^ith z in c  d u s t  i n
168n e u t r a l  s o l u t i o n .
2- F l t r o p y r i d i n e ,  m .p .  71° ,  v/as p r e p a r e d  i n  y i e l d
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by t h e  o x i d a t i o n  o f  2- a m in o p y r id in e  w i t h  fum ing  s u l ­
p h u r i c  a c i d  and h y d rog en  p e r o x id e  2- N i t ro p ^ r r i^
d in e - N - o x id e ,  m .p .  83° ,  ( l i t . ^ ^ ^ ^ 171^ 8 5 -8 6 ^ ) ,  was
p r e p a r e d  by the o x i d a t i o n  o f  2 - a c e t a m id o p y r id in e - N - o x id e
171w i t h  C a r o l s  a c id ;  a t t e m p t s  to  s y n th e s is e  t h i s  n i t r o — 
compoimd by Brown  ^s method, ^ o x i d a t i o n  o f  2 - am in o -  
p y r i d i n e - N - o x i d e  w i t h  fum ing  (30%) s u l p h u r i c  a c i d  and 
h y d ro gen  p e r o x id e  ( 30%)] , p ro v e d  unsuccesajTul. 4 - N i t r o -  
p y r i d i n e - N - o x i d e  was c o m m e rc ia l ly  a v a i l a b l e .
A n i l i n e ,  o - ,  m-, and p - t o l u i d i n e ,  o - ,  m-, and p -  
a n i s i d i n e  and e -  and p - e t h y l a n i l i n e  were p u r i f i e d  p r i o r  
t o  u s e  by  d i s t i l l a t i o n  from a t r a c e  o f  s i n e  d u s t ,  or by
r e c r y s t a l l i s a t i o r .  N, S - d io t h y la n i l in e ,  t ) .p . 9U° /1 2  mm.,
172was p r e p a r e d  from o- e th y 1 &mi 1 in e  and e t h y l  i o d i d e .
2 , 2 ^ -D im e th y l -  and - d i e t h y l a s o x y b e n s e n e  were p r e ­
p a r e d  by o x i d a t i o n  o f  th e  c o r r e s p o n d i n g  aso-compounds by
173p e r a c e t i c  a c i d .  2 , 2 ^ - D ie th y la s o x y b e n s e n e  had  m.p*
18 - 20^, ( l i t 12- 13° ) ,  w i th  i . r *  sp ec trum  i d e n t i c a l  
t o  t h a t  d e s c r ib e d *  2 ^2 ^-D im e thy lazoxybensene  had  m .p.
5 7 -5 8 ° ,  5 9 ° ) .
T r im e th y l ,  t r i e t h y l ,  and t r i - i s o p r o p y l  p h o s p h i t e  
were d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  from sodium w i re  *
D i e t h y l  m e th y Ip h o s p h o n l t e  o f  p u r ity  b e t t e r  t h a n  95%, k in d ly  
s u p p l i e d  by th e C hem ica l  D efence E x p e r im e n ta l  E s t a b l i s h m e n t ,
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P o r t o n ,  was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  T r i -  
p h e n y Ip h o s p h in e ,  r e c r y s t a l l i s e d  from  e t h e r ,  had  m.p*
79-80^* T r i - n - h u t y I p h o s p h i n e  was u s e d  w i t h o u t  d i s t i l l a t i o n *  
T r i s d i e t h y l a m i n o p h o s p h i n e ,  h .p #  85-"90°/l2mm*, was p r e ­
p a r e d  i n  55% y i e l d  from p h o sp h o ru s  t r i c h l o r i d e  and
175d ie  thy lam  in e  * E t h y l  d ip h en y lp h o  s p h i n i t e , h .p#
178^ / l4m m ., was p r e p a r e d  in  85% y i e l d  from c h i o r o d i p h e n y l ­
pho s p h in e  and a b s o l u t e  e t h a n o l  i n  th e  p r e s e n c e  o f  t r i ­
e t h y l  am in e  . ^  *
A l l  r e a c t i o n s  i n v o l v i n g  t e r v a l e n t  p h o sp h o ru s  r e ­
a g e n t s  were c a r r i e d  o u t  i n  an a tm osphere  o f  d ry ,  oxygen- 
f r e e ,  n i t r o g e n .
Tr i  8 d i e  thy lam in o p h o  sph in e  o x id e ,  b . p .  91°/0*01mm., 
was p r e p a r e d  from p h o sp h o ru s  o x y c h l o r i d e  and d i e t h y l a m i n e . ^ 
D im ethy l  m e th y lp h o s p h o n a te ,  b . p .  72^ / l4m m ., was p r e p a r e d  
by  h e a t i n g  t r i m e t h y l  p h o s p h i t e  u n d e r  r e f l u x  w i th  a t r a c e  
o f  m e th y l  i o d i d e .
E t h y l  d i p h e n y l p h o s p h i n a t e .  An e x c e s s  o f  hy d rog en  
p e r o x i d e  (lOO v o l . )  (lO m l . )  was added ,  w i t h  c a r e ,  t o  a 
s o l u t i o n  o f  e t h y l  d i p h e n y l p h o s p h i n i t e  ( l . 05g . )  i n  
b en z en e  (5m l . )  a t  20^. When t h e  e x o th e rm ic  r e a c t i o n  had  
s u b s i d e d ,  th e  s o l v e n t  and t h e  e x c e s s  o f  hyd ro g en  p e r o x id e  
wore removed u n d e r  r e d u c e d  p r e s s u r e ,  and th e  r e m a in in g  
c o l o u r l e s s  l i q u i d  was d i s t i l l e d  to  g iv e  e t h y l  d i p h e n y l -
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p l io s p h in a te  ( l , 0 8 g . , 96^A, b . p .  139°/0.03mm. (Pound:
C, 68+1; ÏÏ, 6 . 0 ;  P, 12* 7» r e q u i r e s  G, 6^ ,  3;
H, 6 .1 ;  P, 12 ,6%). GoL.G p c o n f i rm e d  t h a t  t h i s  was a
s i n g l e  compound. The i . r *  spec trum  f v  : (p = 0 ) , 1230;L m ax
( P - O - S t ) ,  960 , 1020- 1050 , 1165 cm**"^.J, and n . m . r .  sp ec tru m  
(c a rb o n  t e t r a c h l o r i d e )  fp-OOH^OH^, t r i p l e t ,  3H, T = 8 . 7 0 ;
P ' O O H g - q u i n t e t ,  2H, T  =6 . 0 0 ; a r o m a t i c ,  m u l t i p l e t ,  
lOH, ' ' t -  2 . 0 5 - 2 .80  J  c o n f i rm e d  t h i s  s t r u c t u r e . A l l
1 7 Q-. 1 A*lp u b l i s h e d  d a t a  f o r  t h i s  compound ‘ r e f e r  to  a p r e -
189p a r a t i o n  by M i c h a e l i s ,  ' i n  which he a s s i g n e d  t h i s  
s t r u c t u r e  to  a s o l i d  m .p .  165° .  Quin and A nderson^^^  
r e p o r t e d  a s o l i d  m .p .  167- 169° a s  a b y - p r o d u c t  i n  t h e  
p r e p a r a t i o n  o f  e t h y l  d i p h e n y l p h o s p h i n i t e , d e s c r i b e d  
e a r l i e r :  t h e  i . r .  sp e c t ru m  was i d e n t i c a l  w i t h  t h a t  o f  
t e t r a p h e n y l d i p h o s p h i n e  d i o x i d e .  I t  m a y  b e ,  t h e r e f o r e ,  
t h a t  t h e  p u b l i s h e d  d a t a  r e f e r  to  t h i s  compound, r a t h e r  
t h a n  to  e t h y l  d i p h e n y l p h o s p h i n a t e , Our a s s ig n m e n t ,  
how ever ,  a p p e a r s  to  be  c o r r e c t .
D i a l k y l  a r y l p h o s p h o n a t e s . The s y n t h e t i c  method 
r e c e n t l y  d e s c r i b e d  by O bryck i  and G r i f f i n ^ ^ ^  was u s e d  
f o r  th e  p r e p a r a t i o n  o f  a number o f  d i a l k y l  a r y l p h o s -  
p h o n a t e s :  th e  f o l l o w i n g  i-ras t y p i c a l .  A s o l u t i o n  o f  
p - i o d o t o l u e n e  (5  g . ) i n  an e x c e s s  o f  t r i e t h y l  p h o s p h i t e  
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l i t # h . p .  mm,
96- 97 / 0 .2 5  
1 0 6 - 107 / 0 .4 5
93- 94 / 0 .0 5  
110- 112/ 0 .1  
116- 117/ 0 .1  
113- 114/ 0 .1  
105 - 107 / 0 . 3  
104- 105/ 0 .4
148- 149 / 4 .0
110- 112/ 0 .3
120 - 1 2 1 / 2 .0
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100 W. j medium p r e s s u r e ,  w a t e r - c o o l e d  u . v .  lamp. The
c o l o u r l e s s  r e a c t i o n  m ix tu r e  was d i s t i l l e d  a t  r e d u c e d
p r e s s u r e ,  t h e  f i n a l  f r a c t i o n  y i e l d i n g  d i e t h y l  p - t o l y l -
p h o s p h o n a te  (4*7 g . , 76%), h . p ,  9 0 -9 5 ^ /0 * 1  mm., ( l i t . ^ ^ ^
1 4 8 -9 ^ /4 # 0  mm.). The i . r *  and n . m . r .  s p e c t r a  a g r e e d
w i t h  t h a t  r e p o r t e d .  The p h o s p h o n a te s  d e s c r i b e d  i n  TABLE 1
*were p r e p a r e d  i n  a l i k e  m anner .  In  a d d i t i o n ,  d i e t h y l  
m -m eth ox y p h en y lp h o sp h o n a te , h*p .  1 2 0 - 1 2 2 ^ /0 .1 0  mm.
(Found: 0 ,  54» 3; H, 7 .0* r e c u i r e s C, 54# 1;
H, 7*0;? .) ,  and d i e t h y l  p-me thoxypheny lpho  s p h o n a t e , ^
h . p .  1 2 7 -1 3 0 ° / 0 . 10 mm. (Found: 0 ,  53*95; Hy 7 . 2 .  O a lo .  
f o r  0 ,  54*1; H, 7*0??) were p r e p a r e d .  The i . r .
and n . m . r .  s p e c t r a  o f  t h e s e  compounds, and o f  t h o s e  i n  
TABLES 2, 3 and 4 a r e  g iv e n  l a t e r .
T h is  p r e p a r a t i o n  i s  u n s a t i s f a c t o r y  w i t h  i o d o n i t r o -  
183b e n z e n e s . D i e t h y l  p - n i t r o p h e n y l p h o s p h o n a t e  was, t h e r e ­
f o r e ,  p r e p a r e d  h y  an a l t e r n a t i v e  method. p - H i t r o p h e n y l -  
p h o sp h o n ic  a c i a ,  m .p .  1 9 5 -6 °  1 9 7 -8 ° )  was
p r e p a r e d  by  t h e  method o f  Doak and Freedman^ from 
p . -n l t ro 'b en zen ed iazo n in ra  f l u o r o h o r a t e  and p h o sp h o ru s
t r i c h l o r i d e  i n  e t h y l  a c e t a t e *  The a c i d  was e s t e r i f i e d  
❖I  am most g r a t e f u l  t o  Mr* M. G-runhaum and Mr. G-. 
C lem ent f o r  a s s i s t a n c e  i n  th e  p r e p a r a t i o n  o f  t h e s e  
s e r i e s  o f  a u t h e n t i c  samples*
table  2 P(OR)
t r i  a l k y l  IT-arylpho s p h o r i m i d a t  e s  
Mol. Poimd % R e q u i re d  fo
R^ R h .D .  mm. fo rm u la O H 0 H
o-Me Me 9 3 - 9 7 /0 .0 5 *^10%6^°3^ 5 2 .4 7 . 3 5 2 .4 7 . 0
m-Me Me 9 2 - 9 5 / 0 .0 4 ^ H 5 2 .4 7 . 2 11 îf
2 - Me Me 9 9 -1 0 2 /0 .0 5 ^ 1! 5 2 .3 5  7 . 2 ir 11
£“ OMe Me 110- 113/ 0 .0 2 G l o « l 6l ^ V 4 8 .7 6 ,6 4 9 .0 6#5
m-OMe Me 108- 112 / 0 .0 2 îl 4 8 .6 6 .6 11 11
£-OMe Me 1 0 3 -1 0 7 /0 .0 1 ° 11 4 8 .6 6 .7 11 11
m-Me Et 9 9 - 1 0 0 /0 .0 4 ° 13 ^22 ^ °3 ^ 5 7 .4 8 .4 5 7 .6 8 .1
p-Me Et 9 8 -9 9 /0 .0 5 11 5 7 .3 8 .0 11 11
o-OMe Et 1 0 8 -1 1 1 /0 .0 2 ° 1 3 ^ 2 2 ^ V 5 4 .2 7 .9 5 4 .4 7 .6 5
m-OMe Et 103- 106/ 0 .0 2 11 5 4 .1 7 .8 11 11
n-OMe Et 109- 116 / 0 .0 2 11 5 4 .4 7 .9 11 ît
£ - E t Et 93- 97/ 0 . 03* 5 9 .2 8 .3 5 9 .0 8 . 4
a l i t . 5 5 - 5 6 ° / 0 .0 0 1  mm. 0 l i t . 55- 56° / 0 .0 0 1
h l i t . °® t . p .  n o t g iven* d l i t . 200 9o- i o o ° / 0 . 0 5
TABLE 3 ERPO(OR)
R h .p .  ^/  ram
O-Me Me 9 6 -9 7 /0 .0 2
m-Me Me 99-100/0 ,03®
£-Me Me 9 0 -9 3 /0 .0 3 ^
£—OMe Me 1 0 4 -1 0 6 /0 .0 2
m-OMe Me 1 0 4 -1 0 7 /0 .0 7
OMe Me 1 08-109 /0 .03®
m-Me Et 9 2 -9 6 /0 .0 1
p-Me S t 9 0 -9 3 /0 .0 3
o-OMe Et 1 0 1 -1 0 2 /0 .0 1
m-OMe St 1 0 8 -1 0 9 /0 .0 1
p-OMe St 1 1 0 -1 1 3 /0 .0 3
L





° 1 3 » 2 2 " V
1!
Pound "fa R e q u i r e d  %
0 H 0 H
5 2 . 1 7.2 5 2 . 4 7.0
5 2 . 2 7 . 3 II II
5 2 . 3 7.3 II It
48.6 6,8 49.0 6 . 5
48.8 6,8 II II
48.7 6.6 II It
5 7 . 2 5 8.4 57.6 8.1
57.2 8 . 3 II II
54.3 8.0 5 4 . 4 7 . 6 5
54.1 7.9 II II
5 4 . 2 7.9 II II
e l i t . 93- 94° / 0 .04  mm. S . l i t . ^ ^ °  110- 112° /O . 04 mm,
f  l i t . ^ ^ °  1 0 0 - l0 1 ° /0 .1  mm.
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t y  r e a c t i o n  w i th  a h s o I n t e  e t h a n o l  in  t h e  p r e s e n c e  o f  
N ,g^“ d i c y c l o h e x y l c a r h o d i - i m i d e ;  th e  d i e t h y l  e s t e r
h a d  I ) .p .  I I O - I I 2V 0 . I  mm. 1 3 9 - l4 ^ l - ° /0 '3 mm.).
T r i a l k y l  N -a ry l io h o s p h o r lm id a t e s , A s e r i e s  o f  
t r i a l k y l  g - a r y I p h o s p h o r i m i d a t e s  were p r e p a r e d  from t r i -  
e t h y l  o r  t r i m e t h y l  p h o s p h i t e  and th e  r e q u i r e d  a r y l  
a z id e  hy  th e  method o f  K ahachn ik  and G i l y a r o v ,  
S a t i s f a c t o r y  i , r , and n . m , r . s p e c t r a  were o b t a i n e d  i n  
each  case#  The p h o s p h o r i m i d a t e s  d e s c r i b e d  i n  TABLE 2 
were p r e p a r e d  by  t h i s  method#
P i a l k y l  Ü -a l k y 1 - H - a r y Ip h o sp h o ra m id a t e s * These com­
pounds were o b t a i n e d  as  y e l l o w  o i l s  by h e a t i n g  th e  
c o r r e s p o n d i n g  t r i a l k y l  IJ -a r  y Ipho spho r  im i da t e  u n d e r  
r e f l u x  w i t h  t h e  r e q u i r e d  a l k y l  i o d i d e # T h e  i#i% 
and n # m ,r .  s p e c t r a  were a s  e x p e c t e d  and a r e  d e s c r i b e d  
l a t e r .  The p h o s p h o ra m id a te s  d e s c r i b e d  i n  TABLE 3 were 
p r e p a r e d  by  t h i s  m ethod. A u t h e n t i c  sam ples  o f  d i e t h y l  
N - e th y l - N - o - e th y I p h e n y I p h o s p h o r a m id a t e  (R^=o-Et,  R = E t) , 
b . p .  9 2 -9 4 ° / O . 03 mm., and d i e t h y l  R - e t h y l - N - o - t o l y l -
mm.p h o s p h o ra m id a te ,  (R^=o-Me, R =Et) ,  b . p .  1 2 0 - 1 3 0 ° / 0 .0 3  
were a l s o  a v a i l a b l e .
P i a l k y l  R - a r y ln h o s n h o r a m id a te  s . Tr i a l k y l  R- 
a r  y Ipho spho r i m i d a t e s  were h y d r o l y s e d  to  th e  c o r r e s p o n d i n g  
p h o s p h o r a m id a te s ,  o v e r  a p e r i o d  o f  t h r e e  d ay s ,  by
TABLE k m p o (O R )
d i a l k y l  F - a r y l p h o s p h o r a m id a te s  
Mol. Found % R e q u i r e d  %
s i s m ,p . ° f o r m u la 0 H G H
OyMe Me 110 5 0 .5 6 .6 5 0 .5 6 .5
m-Me Me 97 !» 5 0 ,4 6 . 7 !» !»
£-Me Me 108-109 !» 5 0 .4 6 .7 !l !»
o-OMe Me 112-113 4 6 .4 5 6 .1 4 6 .8 6 .1
m-OMe Me 108 !» 4 7 . 0 6 . 0 !» !»
p-OMe Me 109-110 !» 4 7 .1 6*0 !» !»
ra-Me Et 98 0 l l% 8 ^0 3 :P 5 4 .8 7 .5 5 4 .4 7 . 4
p-Me Et 95 !! 54 .35 7 .6 !» !»
o-OMe Et 99-102 C l l% 8 ^ 0 4 ^ 5 1 .2 6 .9 5 1 .0 6 .9 5
m-OMe Et 108-109 !! 5 0 .7 6 .7 !» !f
p-OMe Et 113 !» 5 0 .9 6 .9 !» !»
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72a d s o r p t i o n  on s i l i c a  g e l  i n  b e n z e n e .  The r e s u l t i n g  
y e l lo w  c r y s t a l l i n e  s o l i d s  were r e c r y s t a l l i s e d  from 
l i g h t  p e t r o l e u m  to  g iv e  p u re  sam ples  o f  th e  d e s i r e d  
compounds. An a l t e r n a t i v e  method, t h e  r e a c t i o n  o f  th e  
p h o s p h o r i m i d a t e s  i n  h y d ro c a rb o n  s o l u t i o n  w i t h  d ry  
hyd ro g en  c h l o r i d e  g a s , w a s  l e s s  s u c c e s s f u l ,  g i v i n g  
l a r g e l y  t h e  a n i l i n e  l iy d ro c h lo r id e s *  The pho spho ram i d a t  e s  
d e s c r i b e d  i n  TABLE 4  were p r e p a r e d  by t h i s  m ethod .
20 R e a c t i o n s  o f  o - D i n i t r o b e n z e n e  and R e l a t e d  Compounds 
w i t h  T e r v a l e n t  Phosiphorus R e a g e n ts .
In  t h i s  s e r i e s  o f  e x p e r im e n t s ,  a u t h e n t i c  sam ples  
o f  th e  p r o d u c t s  were n o t  g e n e r a l l y  a v a i l a b l e :  i d e n t i f i c a t i o n  
was t h e r e f o r e  by  means o f  t h e i r  ch e m ica l  p r o p e r t i e s  
and by t h e i r  i . r .  and n . m . r .  s p e c t r a .  These s p e c t r a  a r e  
d e s c r i b e d  b r i e f l y  i n  t h e  t e x t  a t  th e  a p p r o p r i a t e  p l a c e .
In  c a s e s  where a d i s c u s s i o n  o f  t h e  i n t e r p r e t a t i o n  o f  
t h e  s p e c t r a  i s  n e c e s s a r y ,  o r  where i t  i s  t h o u g h t  d e s i r a b l e  
t o  r e c o r d  th e  sp ec tru m  o f  a new compound, t h e  i . r , and 
n . m . r 0 s p e c t r a  a r e  r e c o r d e d  i n  f u l l  i n  a l a t e r  c h a p te r#
R e a c t i o n  o f  g - d i n i t r o b e n z e n e  w i t h  t r i e t h y l  p h o s p h i t e #
(a )  R e a c t i o n s  w i t h o u t  s o l v e n t ,  and i n  t h e  p r e s e n c e  o f  
an e x c e s s  o f  t r i e t h y l  p h o s p h i t e #  o - D i n i t r o b e n z e n e  (7#80 g#, 
46 m# mole) and t r i e t h y l  p h o s p h i t e  (30*08 g . ,  182 m# mole)
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were h e a t e d  u n d e r  r e f l u x ,  i n  an a tm osphere  o f  n i t r o g e n .
As th e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  m ix tu r e  r e a c h e d  
90-95^)  a v i g o r o u s  e x o th e rm ic  r e a c t i o n  to o k  p l a c e ,  
c a u s in g  t h e  e x c e s s  o f  t r i e t h y l  p h o s p h i t e  to  b o i l  
( b . p .  160° ) ,  and t h e  c o l o u r  o f  th e  s o l u t i o n  to  change 
from p a l e  y e l l o w  t o  v e r y  d a rk  brown. A f t e r  f i v e  m in u te s  
t h e  v i g o r o u s  r e a c t i o n  s u b s i d e d ,  and t h e  s o l u t i o n  was 
m a i n t a i n e d  a t  100° f o r  two h o u r s .
D i s t i l l a t i o n  gave t r i e t h y l  p h o s p h i t e  ( l3 * 5  g . ,
81 m. m o le ) ,  b . p .  4 - l ^ / l 4  mm., and t r i e t h y l  p h o s p h a te  
(1 0 .4  g . , 5*7 m. m o le ) ,  b . p .  8 0 - 8 6 ° / l 4  mm., 4 0 - 4 4 ^ /  
0*02mm., i d e n t i f i e d  by  co m p ar iso n  o f  t h e i r  i . r .  s p e c t r a  
w i t h  t h o s e  o f  a u t h e n t i c  s a m p le s .  F u r t h e r  d i s t i l l a t i o n  
o f  t h e  d a r k ,  v i s c o u s ,  r e s i d u e  gave a c l e a r  o ra n g e  
d i s t i l l a t e ,  b . p .  1 2 8 ° / 0 . 0 2  mm., which s o l i d i f i e d  on 
c o o l i n g .  R e c r y s t a l l i s a t i o n  from p e t ro le u m  ( b . p .  6 0 -80°)  
gave f i n e  c o l o u r l e s s  n e e d l e s  o f  d i e t h y l  o - n i t r o p h e n y l -  
p h o s p h o n a te . ( 6 .0 9  g . ,  23 m. mole,  5 0 ^ ) ,  m .p .  5 5 -5 6 ° ,  
(Pound: G, U6.25; H, 5 . k ;  If, 5 . 6 j  P, 1 2 .1  %, Mol. Wt. = 
214.8- 250 . r e q u i r e s  C, I4.6 .I4.; H, S.ij,; IT, 5 . 4 ;
P, 1 2 .0  Mol, ■'ft, s  259) .  The I . r .  s p ec t ru m  showed
( P -P h ) ,  1430; (P-O-O), 1020, 970, 96O; 
(1*102) ,  j^530, 1367  cm « The n . m . r .  s p e c t ru m  (car 'bon 
t e t r a c h l o r i d e )  showed P-OCHgO^, t r i p l e t ,  6H, 8 .5 2 ;
q u i n t e t ,  4Hj 5 * 8 l ;  a r o m a t i c ,  m u l t i p l e t ,  
4 h , - x =  2 . 25 . The P^^
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iiom.r* sp ec trum  ( e t h a n o l )  showed a complex hand  a t  
S -  -10*5  p .p .m * r e l a t i v e  to  85% p h o s p h o r i c  a c i d  ( e x t e r n a l  
s t a n d a r d )  s u g g e s t i n g  t h a t  t h e  p h o sp h o ru s  atom was bonded 
d i r e c t l y  to  th e  a r o m a t i c  r in g #
T h is  e x p e r im e n t  was r e p e a t e d  w i th  th e  i n t e n t i o n  
o f  t r a p p i n g  any v o l a t i l e  p r o d u c t s  o f  t h e  r e a c t i o n #  The 
s t r e a m  o f  n i t r o g e n ,  w hich  p a s s e d  o v e r  t h e  s u r f a c e  o f  t h e  
r e a c t i o n  m i x t u r e ,  was d i r e c t e d  up th e  c o n d e n s e r  and 
th r o u g h  a ^^Card-Ice " / e t h a n o l  c o l d  t r a p #  ( In some 
e x p e r im e n t s ,  l i q u i d  a i r  was u s e d  as a c o o l a n t  i n  p l a c e  
o f  t h i s  f r e e z i n g  m i x t u r e . )  p y D in i t ro b e n z e n e  ( l l # 5  g#,
69 m* mole) and t r i e t h y l  p h o s p h i t e  (40#5 g , , 244 m# mole) 
were h e a t e d  t o g e t h e r  a s  b e fo re #  D ur ing  th e  c o u r s e  o f  t h e  
r e a c t i o n ,  a c o l o u r l e s s  s o l i d  ( a t  - 6 o ° )  c o l l e c t e d  i n  
t h e  c o l d  t r a p .  T h i s  was p u r i f i e d  by d i s t i l l a t i o n  i n t o  
a  secon d  c o l d  t r a p ,  and i d e n t i f i e d  as  e t h y l  n i t r i t e ,
( l * 3  go? 17 m. m ole ,  25??), b#p .  l 6 ° / 7 6 0  mm., by com-
popp a r i  son w i th  an a u t h e n t i c  sample#  ^ Tlie i# r«  sp ec t ru m
showed (ONO), 1682, 1668; 1632 , I 618 cm“ ^ .  f o r  a
v a p o u r -p h a s e  s a m p l e , a n d  t he  n , m , r .  sp ec trn m ^ ^^  
( c a r ’bon t e t r a c h l o r i d e )  shov/ed -GHgOH^, t r i p l e t ,  3H, 
8 . 6O; -GHgGH^, q u a r t e t ,  2H, T  = 5 . 2 2 .  The mass 
s p ec tru m  was a l s o  i n  agreem ent  w i t h  pu’b l i s h e d  r e s u l t s .
T h is  i d e n t i t y  was c o n f i rm e d  c h e m ic a l ly  hy  th e
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I n  s i t u  n i t r o s a t i o n  o f  1 - in d a n o n e  i n  t h e  p r e s e n c e  o f
195a c e t i c  a n h y d r id e ,  u n d e r  a c i d i c  c o n d i t i o n s .
2 - F i t r o s o - l - i n d a n o n e ,  m .p .  203-4^? fo rm ed  as  a c o l o u r ­
l e s s  s o l i d ,  showed no d e p r e s s i o n  o f  m e l t i n g  p o i n t  w i th  
an a u t h e n t i c  sam ple ,  k i n d l y  p r o v i d e d  hy  Mr. Jolm D in g w a l l ,  
The i . r .  s p e c t r a  o f  t h e  two sam ples  were i d e n t i c a l *
E x am in a t io n  o f  t h e  o r i g i n a l  r e a c t i o n  m ix tu r e  hy  
g . l . C o  f o r  th e  p r e s e n c e  o f  n i t r o e t h a n e  showed no e v id e n c e  
f o r  t h i s  compound.
T h is  r e a c t i o n  p r o v e d  u se : fa l  f o r  th e  p r e p a r a t i o n  
o f  d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e  on a  l a r g e r  s c a l e .  
Thus, t h e  r e a c t i o n  o f  o - d i n i t r o h e n z e n e  (14&15 g . ,
84 m. mole) and t r i e t h y l  p h o s p h i t e  (6 0 .2 5  g , ,  363 m, mole) 
gave d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e  (1 5 . 21 g . ,
59 m. mole ,  70??), t o g e t h e r  w i th  th e  e x c e s s  o f  t r i e t h y l  
p h o s p h i t e  (35*33 g* , 213 m. m o le ) ,  t r i e t h y l  p h o s p h a te  
(1 2 ,7 0  g . , 70 ffi, m o le ) ,  and e t h y l  n i t r i t e  ( 3*0 g , .
40  m. mole, 48??).
Under t h e s e  somewhat v i g o r o u s  c o n d i t i o n s ,  t r i e t h y l  
p h o s p h a te  was fo rm ed  in  a p p r e c i a b l e  amounts ,  s u g g e s t i n g  
t h a t  com pet ing  d e o x y g e n a t io n  r e a c t i o n s  were ta lc ing  p l a c e .  
The l a r g e  amount o f  t a r r y  m a t e r i a l  form ed was a l s o  
i n d i c a t i v e  o f  s i d e —r e a c t i o n s .  The r e a c t i o n  was t h e r e ­
f o r e  r e p e a t e d  i n  a  s u i t a b l e  s o l v e n t .
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(b) R e a c t i o n s  i n  p r e s e n c e  o f  a s o l v e n t . A s o l u t i o n  o f  
o - d i n i t r o b e n z e n e  (5*0 g# , 30 nu mole) anci t r i e t h y l  
p h o s p h i t e  (7*76 g . , 47 m, mole) in  a c c t o n i t r i l e  (20 m l . ) 
was h e a t e d  u n d e r  r e f l u x  f o r  8 h o u r s .  A f t e r  rem oval  o f  
t h e  s o l v e n t  u n d e r  reduce»? p r e s s u r e ,  d i s t i l l a t i o n  gave 
a t r a c e  o n ly  o f  t r i e t h y l  p h o s p h a te ,  and, as  th e  f i n a l  
f r a c t  i o n , d i e  th y  1 o - n i  t  r  ophenylpho sp h o n a te  ( 6 . 0 ?  g # ,
23 m# mole,  7 6 / )*  E t h y l  n i t r i t e  ( l * 13 g . , 15 m. m ole ,
50??) T-ras a g a in  r e c o v e r e d  from t h e  c o l d  t r a p #
Under t h e s e  c o n d i t i o n s ,  l a r g e  s c a l e  p r e p a r a t i o n s  
c o u l d  a g a in  be unden ta lcen .  A s o l u t i o n  o f  o - d i n i t r o b e n z e n e  
( 3 0 .2 8  g # , 160 m* mole) and t r i e t h j r i  p h o s p h i t e  (50*00 g . , 
300 m# mole) i n  a c c t o n i t r i l e  ( 100 m l . ) was h e a t e d  u n d e r
r e f l u x  f o r  8 hours*  On rem oval  o f  t h e  s o l v e n t  u n d e r
r e d u c e d  p r e s s u r e ,  d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e ,
(1608  g* , 65 ÎÏI0 m o le ) ,  c r y s t a l l i s e d  o u t  and c o u l d  be 
c o l l e c t e d  by f i l t r a t i o n .  T h is  r/as shown by g . l . c .  to  
be a p u re  sample - û t h o u t  f u r t h e r  d i s t i l l a t i o n .  D i s t i l ­
l a t i o n  o f  th e  f i l t r a t e  y i e l d e d  a f u r t h e r  o u a n t i t y  
(19  06 g . , 75 m. mole) o f  d i e t h y l  o - n i t r  ophenylpho  s p h o n a te  
( t o t a l  y i e l d  3 6 ,4  g . ,  iif.o m. mole ,  7 8 / ) .
I n  an a t t e m p t  to  r e d u c e  s t i l l  f u r t h e r  t h e  amount o f
t a r r y  m a t e r i a l  fo rm ed ,  t h e  r e a c t i o n  i-as c a r r i e d  o u t  by 
means o f  t h e  C o n t in u o u s  Plo-r P ro c e d u re  d e s c r i b e d  by
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A l l e n ,  B y e rs ,  ï îum pli le t t  and R eyno lds*^^^  S o l u t i o n s ,  
i n  v a r y i n g  c o n c e n t r a t i o n s ,  o f  o - d i n i t r o b e n z e n e  and 
t r i e t h y l  p h o s p h i t e  i n  a c e t o n i t r i l e  o r  d im e th y lfo rm am id e ,  
were d ropped  on to  a o n e -m e tr e  column p a c k e d  w i th  g l a s s  
h e l i c e s ,  m a i n t a i n e d  a t  a  c o n t r o l l e d  t e m p e r a tu r e  i n  th e  
r a n g e  9 0 -1 3 0 ° .  The e f f l u e n t  from th e  column was r e c y c l e d  
s e v e r a l  t im e s  to  improve th e  r a t i o  o f  p r o d u c t  to  s t a r t i n g  
m a t e r i a l ,  t h e  p r o g r e s s  o f  th e  r e a c t i o n  b e i n g  f o l l o w e d  by 
go I.e.
A lth o u g h  r e a c t i o n  d i d  t a k e  p l a c e  t o  g iv e  d i e t h y l  
o - n i t r o p h e n y l p h o s p h o n a t e  w i th o u t  th e  f o r m a t i o n  o f  any 
b l a c k  t a r r y  m a t e r i a l ,  t h e  method p ro v e d  to  be u n s a t i s ­
f a c t o r y  i n  t h i s  c a s e  owing to  th e  r e l a t i v e  s lo w ness  o f  
th e  r e a c t i o n  i n  th e  p r e s e n c e  o f  s o l v e n t ,  and to  th e  
i n c r e a s i n g  v i s c o s i t y  o f  t h e  r e a c t i o n  m ix tu r e  i n  t h e  
ab sen ce  o f  s o l v e n t .  The low s o l u b i l i t y  and h i g h  m e l t i n g  
p o i n t  o f  o - d i n i t r o b e n z e n e  were a l s o  u n s u i t e d  to  t h i s  
p o t e n t i a l l y  u s e f u l  e x p e r i m e n ta l  method.
In  o r d e r  to  d e te r m in e  t h e  e f f e c t  o f  l i g h t  on t h i s  
r e a c t i o n ,  p a r a l l e l  r e a c t i o n s ,  w i th  a 1 : 2  m o la r  r a t i o  o f  
o - d i n i t r o b e n z e n e  and t r i e t h y l  p h o s p h i t e  i n  a c e t o n i t r i l e ,  
were c a r r i e d  o u t  i n  t h e  d a rk  a t  90° ,  i n  th e  d a rk  a t  18° ,  
and i n  t h e  p r e s e n c e  o f  u . v .  l i g h t  a t  1 8° .  The p r o g r e s s  
o f  e a c h  r e a c t i o n  was f o l l o w e d  by g . l . o .  r e l a t i v e  t o  an
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i n t e r n a l  s ta n d a rd *  A f t e r  one h o u r  a t  90° ,  t h e  r e a c t i o n  
i n  t h e  d a rk  sho^'^ed 65% l o s s  o f  £ - d i n i t r o h e n z e n e ,  w h i le  
b o t h  r e a c t i o n s  a t  18° sho^-^ed 5 - 7 /  l o s s  o f  o - d i n i t r o b e n z e n e  
a f t e r  20 hours*  I t  v a s  c o n c lu d e d  t h a t  t h e r e  was no s i g ­
n i f i c a n t  p h o t o l y t i c  e f f e c t  i n  t h i s  r e a c t i o n *
Co n f i r m a t i o n  o f  t h e  s t r u c t u r e  o f  d i e t h y l  ^ n i t r o -  
p hen y lp h o  sp h o n a te  * A s o l u t i o n  o f  d i e t h y l  o-n itrop h en j^ i-  
p h o sp h o n a te  (2 .0 8  g * , 8*03  m. mole) i n  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  (20 ml*) was h e a t e d  u n d e r  r e f l u x  f o r  
5 h o u r s 0 The e x c e s s  o f  a c i d  ■' a^s removed by d i s t i l l a t i o n  
u n d e r  r e d u c e d  p r e s s u r e  and t h e  r e s u l t i n g  c o l o u r l e s s  
s o l i d  d r i e d  i n  v a c u o . C r y s t a l l i s a t i o n  from a c e t o n e -  
c h lo ro f o rm  gave o - n i t r o p h e n y l p h o s p h o n i c  a c i d ,  ( l* 5 4  g*,
7 .8  m, mole,  9 4 $ ) ,  m .p ,  200-201° ,  ( l i t . ^ ® ^  200- 203° ) ,  
(Pound: C, 3 5 .6 ;  H, 3 .1 ;  N, 6 . 2 ;  P, 1 5 J,_. O a lc .  f o r  
CgHgNO^P; 0 ,  3 5 .5 ;  H, 2 .9 5 ;  H, 6 , 9 ;  p ,  1 5 . 3 $ ) .
T i t r a t i o n  shoned  t h i s  to  he  a d i h a s i c  a c i d .  (Pound: 
m ol.  n t .  = 203. O a lc .  f o r  CgHgNO^P, mol.  n t .  = 2 0 3 .)
The n . m . r ,  sp ec tru m  (DgO) shoned. an a r o m a t i c  m u l t i p l e t  
o n ly ,  c e n t r e d  a t  T =  2 .1 4 .  The u . v .  spec trum  ( e t h a n o l )  
showed = 250 ( £. = 3970);  l i t . ^ ® ^  = 251
( £ =  3740) .
L a t e r ,  an a u t h e n t i c  sample o f  th e  p h o sp h o n ic  a c i d  
was k i n d l y  p r o v i d e d  by P r o f e s s o r  Freedman* The two
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sam ples  p ro v e d  i d e n t i c a l  ( m e l t i n g  p o i n t ,  mixed m .p# , and
i * r . spec trum )*
E s t é r i f i c a t i o n  o f  t h e s e  two sam ples  hy  r e a c t i o n
w i t h  e t h a n o l  i n  t h e  p r e s e n c e  o f  U?E^" d i c y c l o h e x y l -
197c a r h o d i - i m i d e  gave t h e  same p r o d u c t  i n  b o t h  ca se s*
Thus, a s o l u t i o n  o f  o - n i t r o p h e n y l p h o s p h o n i c  a c i d  
( l . O l  g* , 5 .0 5  m* m o le ) ,  a b s o l u t e  e t h a n o l  (0*62 g * ,
13*5 m* m o le ) ,  and F , F * - d i c y c l o h o x y l o r r b o d i - i m i d o  ( 3 ,5 7  g . » 
1 7 o3 mole) i n  p y r i d i n e  (30  m l*) was a l lo w e d  to  s t a n d  
a t  room t e m p e r a tu r e  f o r  12 h o u r s ,  and was t h e n  h e a t e d  to  
60° f o r  a f u r t h e r  12 h o u r s  * S u f f i c i e n t  w a te r  was added  
t o  com ple te  t h e  p r e c i p i t a t i o n  o f  N ,N * -d ic3r c l o h e x y l u r e a ,  
which  was t h e n  removed by f i l t r a t i o n *  A f t e r  rem ova l  o f  
t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  was 
r e d i s t i l l e d  to  g i v e ,  a f t e r  r e c r y s t a l l i s a t i o n  from 
p e t r o l e u m  (b*p .  6 o - 3 0 ° ) ,  d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e  
( 1 .0 2  g . , 3 ,9 4  m* m ole ,  78/ ) ,  m .p . 52- 54° y mixed m.p* 
w i t h  t h e  o r i g i n a l  e s t e r  5 4 ° .  The i . r *  s p e c t r a  were 
i d e n t i c a l *
R e a c t i o n  o f  O L -d in i t robenzene w i t h  t r i m e t l u r l  p h o s p h i te *
T h is  and s u b s e q u e n t  r e a c t i o n s  were c a r r i e d  o u t  on a 
r e l a t i v e l y  l a r g e  s c a l e  as  th e  d i a l k y l  a r j r ip h o s p h o n a te s  
were r e q u i r e d  f o r  p r e p a r a t i v e  s t u d i e s  by o t h e r  w o rk e r s .
A s o l u t i o n  o f  o - d i n i t r o b e n z e n e  ( 23*69 g*, 141 m* mole)
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and t r i m e t h y l  p h o s p h i t e  ( 35*60 g , , 287 m. mole) i n  
a c e t o n i t r i l e  (lOO ml*) was h e a t e d  u n d e r  r e f l u x  f o r  24 
hours*  A f t e r  rem ov a l  o f  t h e  s o l v e n t  and t h e  e x c e s s  o f  
t r i m e t h y l  p h o s p h i t e  hy  d i s t i l l a t i o n  u n d e r  r e d u c e d  
p r e s s u r e ,  t h e  r e s i d u e  was d i s t i l l e d  f u r t h e r  t o  g iv e  a 
c l e a r  o range  o i l  which  c r y s t a l l i s e d  r e a d i l y  as  i t  cooled* 
The c r y s t a l s  were washed q u i c k l y  w i th  e t h e r  t o  remove 
t r a c e s  o f  t r i m e t h y l  p h o s p h a te  and were th e n  r e c r y s t a l l i s e d  
from  p e t ro le u jn  (h*p .  60- 80° )  to  g iv e  f i n e  c o l o u r l e s s  
c r y s t a l s  o f  dimeth^rl p . - n i t r o n h e m ^ lp h o s p h o n a te # ( 21*70  g .  , 
94 m* m ole ,  6l / ) ,  m .p .  7 9 * 5 -8 0 .5 ° .  (Pound: 0 ,  41*6^
H, 4* 2 ; F ,  6.4* OqH^qFO^P r e q u i r e s  0 , 4 1 *6 ; H, 4*4;
F, 6 o1 / ) ♦
The i . r .  sp ec t ru m  showed V (p = O), 1250;
(p-O-Me), 1070-1040  cm The n . m . r .  sp e c t ru m  ( d e u t e r o -  
c h lo ro fo rm )  showed P-OGH^, d o u b l e t ,  6H, %= 6 .1 5 ;  and 
a r o m a t i c ,  m u l t i p l e t ,  4H, c e n t r e d  a t  2 . 24*
A s o l u t i o n  o f  d imethj^l o - n i t r o p h e n y l p h o s p h o n a t e  
( l . 7 5 g * f  7*56  m. mole) i n  an e x c e s s  o f  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d  ( l 5 m l . )  was h e a t e d  u n d e r  r e f l u x  f o r  
f i v e  h o u r s .  A f t e r  rem oval  o f  th e  e x c e s s  o f  a c i d  u n d e r  
r e d u c e d  p r e s s u r e ,  t h e  r e s i d u e  was d r i e d  a t  70° / 0 .0 5  mm. 
and r e c r y s t a l l i s e d  from a c e t o n e - c h l o r o f o r m  t o  g iv e  
o - n i t r o p h e n y l p h o s p h o n i c  a c i d  ( l . 0 7  g . ,  5*2  m* mole ,  68/ ) ,
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m.p. 199-201 j and mixed m.p. v/ith  an a u th e n t ic  sample, 
1 9 9 -2 0 2 ° ,
R e a c t i o n  o f  ^ - d i n i t r o b e n z e n e  w i th  t r i - I s o p r o p y l
-p h o s p h i te # In  a s i m i l a r  manner, th e  r e a c t i o n  o f
o - d i n i t r o b e n z e n e  (7*34g*? 43*6 m# mole) and t r i - i s o p r o p y l
p h o s p h i t e  ( 3 6 ,08  , 173 m« mole) i n  a c e t o n i t r i l e
(100  m l . )  gave d i - i s o p r o p y l  0.-1111r ophenylphosphona 10
( 6#72  g#, 23*4 ÏÏI0 m ole ,  34^), b.p# 113° /O #02 mm# (Found;
0 , 5 0 .1 ;  H, 6 .4 ;  F, 5 . I ;  1 0 .9  /#  Mol. wt# = 280.
^12%8^^5^ r e n u ir e s  0 ,  50*2; H, 6 .3 ;  IT, ^i..9; P, 1 0 .8  
Mol. w t. = 2 8 7 )o
The i . r .  spectrum showed (P-O-Pr^), 950-
1010, 1095) 1132, 1170; (P « 0 ) ,  1248 Gi?r^. The n .m .in  
sp ec tru m  (c a rb o n  t e t r a c h l o r i d e )  sho 'red  P- OCH(OH^) 
t r i p l e t ,  12H, 8 .6 5 ;  P'OGg(CE )^ , s e x t e t  (due to
o v e r l a p p i n g ) ,  2H, Y = 5* 20; and a r o m a t i c ,  m u l t i p l e t ,  4lT, 
c e n t r e d  a t  2.20# The P'^^ n . m . r .  sp ec tru m  ( e t h a n o l )  
showed a complex bcuid a t  6 =: - 8 .5  p.p.m# r e l a t i v e  t o  85/  
p h osp h oric  a c id  ( e x te r n a l  s ta n d a rd ) ,  aga in  in d ic a t in g  
th a t  the phosphorus atom was bonded d i r e c t l y  to  the  
a r o m a t i c  ring#
A cid  h y d r o ly s i s  o f  th e  e s t e r ,  as d e scr ib ed  in  
p r e v i o u s  exp er im en ts , gave o - n i t r o p h e n y l p h o s p h o n i c  a c id .
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R e a c t io n  o f  g - d l n i t r o b e n z e n e  w i t h  d i e t h y l  m e th y l -  
pho s p h o n i te*  A s o l u t i o n  o f  p y d i n i t r o b e n z e n e  (6 .1 5  g# , 
37*1 m# mole) and d i e t h j r i  me th y  Ipho sphon i  t  e ( 9*20  g . , 
67*6 m# mole) i n  a c e t o n i t r i l e  ( l 20 m l . )  gave ,  a f t e r  
20 h o u r s  a t  l 8° ,  e th^r i  m e t h s ^ l - p - n i t r o p h e n y l p h o s p h i n a t e , 
(6o50 g*s 2 8 .4  ra# m ole ,  7 7 / )?  b . p .  1 3 0 ° / 0 .0 1  mm# (Found:
0 , 4 7 *0 ; H, 5*4; F, 6 . 2 . ^ 9% 2^^4^  r e q u i r e s  0 , 47*1;
E; 5*2; N, 6 . 1  / ) .
The i . r .  sp ec tru m  showed (P-Me), 885-900 ,
1300; (P=0),  1 2 2 5 ; ( P - 0 - E t ) ,  940-980,  1070-1050  and 
1170  cm The n .m .r*  sp ec t ru m  (c a rb o n  t e t r a c h l o r i d e )  
showed P^OHy d o u b l e t ,  3H, * t = 8 *1 5 ; P'OCHgCIi^, t r i p l e t ,  
3H, % = 8 .7 5 ;  P-OOH^CH^, q u i n t e t ,  2H, T =  6 . 0 ; and 
a r o m a t i c ,  m u l t i p l e t ,  Z|H, c e n t r e d  a t  2 . 2 .
A cid  h y d r o l y s i s  a s  b e f o r e  gave m e th y l  p - n i t r o p h e n y l ­
pho s p h i n i c  a c i d , m .p .  154° (from c h l o r o f o r m ) ,  (Found:
0, 41*4; H, 4*2; F ,  6 . 9 * OyHgFO^ ^^P r e q u i r e s  G, 41*8;
H. 4*0; F, 7*0 / ) .  T i t r a t i o n  showed t h i s  t o  be a 
m onobasic  a c i d .  (Found; m ol.  w t .  = 210. GyEgFO^P 
r e q u i r e s  m ol.  w t .  = 201. ) The i . r *  sp ec t ru m  showed no 
e v id e n c e  f o r  t h e  p r e s e n c e  o f  (P-O-Et)  g r o u p s .  The 
n . m . r .  sp ec t ru m  (d o u to ro c h lo r o fo rm )  showed P*GH^, 
d o u b l e t ,  3H,'T = 8 .1 7 ;  and a r o m a t i c ,  m u l t i p l e t ,  4H,
2 . 0- 2 . 4 .
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R e a c t io n  o f  o - d l n i t r o 'b e n z e n e  w i th  0 - sodium d i e t h y l  
p h o s p h i t e # p - D i n i t r o b e n z e n e  (leOO g#, 5*95 m. mole) 
and 0- sodium d i e t h y l  p h o s p h i t e  (0 , 95 g* , 5*94  m. m o le ) ,  
p r e p a r e d  by th e  r e a c t i o n  o f  d i e t h y l  p h o s p h i t e  d i s s o l v e d  
i n  d ry  e t h e r  w i t h  s o d i u m , g a v e  a r e d  s o l u t i o n  i n  
a c e t o n i t r i l e  (lO m l . )  which d a rk e n e d  r a p i d l y  d u r i n g  
h e a t i n g  u n d e r  r e f l u x .  E x am in a t io n  o f  t h i s  r e a c t i o n  
m ix tu r e  a f t e r  4  h o u r s  by g . l . o *  i n d i c a t e d  t h a t  d i e t h y l  
o - n i t r o p h e n y l p h o s p h o n a t e  was form ed, b u t  n o t  as  a m a jo r  
p ro d u c t#  Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e  
gave a q u a n t i t y  o f  t a r r^ r  m a t e r i a l #  D i s t i l l a t i o n  o f  
t h i s  r e s i d u e  y i e l d e d  d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e  
(O#15 go) 0 .5 8  m# m ole ,  9 *8/ ) #  The t a r r y  m a t e r i a l  was 
n o t  c h a r a c t e r i s e d  f u r t h e r *
R e a c t io n  o f  p - d i n i t r o b e n z e n e  w i t h  e t h y l  d i p h e n y l -  
p h o s p h i n i t e #  A s o l u t i o n  o f  e t h y l  d i p h e n y l p h o s p h i n i t e  
(Oo313 g# ) 1 .3 6  m# mole) i n  d im ethy lfo rm am ide  ( l  m l . )  
was added to  a s o l u t i o n  o f  o - d i n i t r o b e n z e n e  ( o #156 g# ,
0 .9 3  mole) i n  d im e th y lfo rm am id e  ( l# 5  m l# ) .  The 
r e s u l t i n g  f i n e  c o l o u r l e s s  p r e c i p i t a t e  was s e p a r a t e d  from 
t h e  c l e a r  o ran ge  s o l u t i o n  hy  f i l t r a t i o n ,  and r e c r y s t a l ­
l i s e d  from e t h e r - l i g h t  p e t ro le u m  to  g iv e  d i p h e n y l - a -  
n i t r o p h e n y l p h o s p h i n e  o x id e  ( 0 .0 8 4  go, 0 .2 6  m. mole ,  29??), 
m.p# 224- 6°# (Found; 0 ,  6 6 .7 ;  H, 4*4; N, 4*2; P, 9*6.
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r e q u i r e s  0 , 6 6 , 9 ; H, 4*4; F, 4*3; F, 9*6 / ) •
The i , r #  s p ec t ru m  showed a g r e a t  s i m i l a r i t y  to  
t h a t  o f  triphenj?* Ipho  sp h in e  o x id e ,  w i t h  a d d i t i o n a l  
a b s o r p t i o n  maxima a t V =  1522  and 1360  cm*^  #, (FO^) *
There  was no e v id e n c e  f o r  t h e  p r e s e n c e  o f  (P-O-Bt) 
g r o u p s .  The n . m . r .  sp ec t ru m  showed an a ro m a t ic  mul­
t i p l e t  o n l y , % = 2 , 2- 2 . 6 , a g a in  s i m i l a r  to  t h a t  o f  
t r  ipheny Iph o  s p h in e  o x i d e ,
A l a r g e  s c a l e  p r e p a r a t i o n  i n d i c a t e d  t h a t  t h i s  
r e a c t i o n  was s t ro n g l^ r  e x o th e rm ic  i n  s o l u t i o n  a t  room 
t e m p e r a t u r e .  Thus e t h y l  d i p h e n y l p h o s p h i n i t e  (73#9 g * , 
321 m, mole) was added  i n  sm0. l l  p o r t i o n s  o v e r  2-g h o u r s  
t o  a s o l u t i o n  o f  o - d i n i t r o b e n z e n e  ( 3 6 ,2  g , , 2l 6 m, mole) 
i n  d im ethy lfo rm am ide  (95  m l . )  a t  - 1 0 ° .  On rem oval  o f  
t h e  i c e - b a t h ,  t h e  t e m p e r a tu r e  o f  th e  r e a c t i o n  m ix tu r e  
r o s e  t o  c a .  70° .  A f t e r  12 h o u rs  a t  18° ,  t h e  p r e c i p i t a t e  
t h a t  had  form ed was removed by f i l t r a t i o n ,  washed w i t h  
d im ethy lfo rm am id e  and r e c r y s t a l l i s e d  from e t h e r  t o  
g iv e  d i p h e n y l - o - n i t r o p h e n y l p h o s p h i n e  o x id e  (4 0 .0  g . ,
124  m. mole ,  5 7 / ) ,  m .p ,  227—8 ° ,  The f i l t r a t e  was 
c o n c e n t r a . t e d  a t  r e d u c e d  p r e s s u r e  and t h e  r e s i d u e  chrom­
a t o g r a p h e d  on a lu m in a .  E l u t i o n  w i th  b e n z e n e - l i g h t  
p e t r o l e u m  ( l ; l )  gave o - d i n i t r o b e n z e n e  ( l . 9  g*, 1 1 .6  m* 
m o le ) ,  m.p. 110° ;  e l u t i o n  w i th  b e n z e n e - e t h e r  ( l : l )
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gave e th j r i  d ip h e n y lp h o  s p h in a  t e  (4*1  g . , 1 6 ,7  m* m o le ) ,
lïi.p. 20- 22° ;  and  e l u t i o n  w i th  e t h e r  gave f u r t h e r
d i p h e n y l - o - n i t r  opheny lpho  sp h in e  o x id e  t o t a l  y i e l d
4 2 , 3  g # , 132 m# m ole, 65??, (b a se d  on r e a c t e d
o - d i n i t r o b e n z e n e ) J  » I d e n t i f i c a t i o n  o f  t h e  f r a c t i o n s
was a c h ie v e d  by co m p ar iso n  w i th  a u t h e n t i c  samples*
D ip h e n y l - o - n i t r o p h e n j r I p h o  sp h in e  o x id e  was f u r t h e r
c h a r a c t e r i s e d  by r e d u c t i o n  t o  th e  c o r r e s p o n d i n g
amino-compound* D ip h e n y l - o - n i t r o p h e n j^ lp h o s p h in e
o x id e  ( 2 # 01 g* , 6 * 23 m* mole) v;as h e a t e d  f o r  24 h o u r s
u n d e r  r e f l u x  w i t h  a s u s p e n s io n  o f  i r o n  powder ( l *5 g*)
i n  e t h a n o l  (25 m l* ) ,  w a te r  (25 ml*) and c o n c e n t r a t e d
h y d r o c h l o r i c  a c i d  (o . l  ml*)* The h o t  r e a c t i o n  m ix tu r e
was f i l t e r e d  t h r o u g h  c e l i t e  and t h e n  a l lo w e d  to  c o o l .
The f i n e  c o l o u r l e s s  p r e c i p i t a t e  which  fo rm ed  ?/as removed
by  f i l t r a t i o n  and r e c r j r s t a l l i s e d  from b enzen e  to  g iv e
d ip h e n y l -g - a m in o p h e n y lp h o s p h in e  o x id e  ( l * 65g , ,  3 ,6 4
m. m ole, 9 1 $ ) ,  m .p. 163- 4 ° .  (Found: C, 7 3 .7 ;  H, 5 . 4 ;
H, 4 . 9 . O^gH^gNOP r e q u i r e s  G, 7 3 .7 ;  H, 5 . 5 ;  N, 4 * 8 $ ) .
The i . r .  spectrum showed (m ig ) ,  3215, 3315,
^13400 cm * The n .m . r*  sp ec tru m  ( d e u te r o c h l o r o f o r m )  
showed FHgf b r o a d  peak, 2 E ,% = 4 *65 ; and a r o m a t i c ,  
complex m u l t i p l e t ,  l 4H /f (  = 2 . 6- 3 . 0 .
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R e a c t i o n  o f  ^ - d i n i t r o b e n z e n e  w i th  t r l - n - b u t y l -  
pho s p h i n e , Tr i - n - b u t y l p h o  sp h in e  (3*532*, 17*4 m. mole) 
was added t o  a s o l u t i o n  o f  o - d i n i t r o b e n z e n e  ( 2 .9 2  g . ,
17*4 m. mole) i n  a c e t o n i t r i l e  (5 m l . ) ,  a t  18° .  An 
e x o th e rm ic  r e a c t i o n  to o k  p l a c e  d u r in g  which  th e  s o l u t i o n  
r a p i d l y  d a rk e n e d .  A f t e r  2 h o u rs  a t  18° ,  t h e  s o l v e n t  
was removed u n d e r  r e d u c e d  p r e s s u r e  to  g iv e  a r e s i d u a l  
o ran ge -b ro w n  o i l ,  w hich  ex p lo d e d  v i o l e n t l y  on a t t e m p t e d  
d i s t i l l a t i o n #
The e x p e r im e n t  was r e p e a t e d  w i th  s i m i l a r  q u a n t i t i e s  
o f  r e a g e n t s  as  b e f o r e .  An a t t e m p t  to  s e p a r a t e  t h e  
com ponents  o f  th e  r e s i d u a l  o i l  by ch ro m a to g rap h y  p ro v e d  
u n s u c c e s s f u l ,  u nch an ged  o - d i n i t r o b e n z e n e  b e i n g  th e  
o n ly  r e c o g n i s a b l e  f r a c t i o n .
R e a c t i o n  o f  p - d i n i t r o b e n z e n e  w i th  t r i p h e n y I p h o s p h i n e .  
T h is  r e a c t i o n  in  t h e  ab se n ce  o f  s o l v e n t  was e x p e c te d  to  
be u n d u ly  v i g o r o u s  and was t h e r e f o r e  n o t  a t t e m p t e d .
A s o l u t i o n  o f  o - d i n i t r o b e n z e n e  ( 1 3 .0  g«, 89 m. mole) 
and t r i p h e n y I p h o s p h i n e  (4 7 . 0  g . ,  179 m. mole) i n  t o l u e n e  
(lOO m l . )  was h e a t e d  u n d e r  r e f l u x  f o r  4 h o u r s .  V o l a t i l e  
p r o d u c t s  were c o l l e c t e d  i n  a l i q u i d - a i r  c o l d - t r a p  as  
b e fo re *  A r e a c t i o n  to o k  p l a c e  as  t h e  t e m p e r a tu r e  o f  
t h e  r e a c t i o n  m ix tu r e  r e a c h e d  90- 95° ,  w i t h  t h e  e v o l u t i o n  
o f  a gas  which  c o l l e c t e d  i n  t h e  c o l d - t r a p *  The r e a c t i o n
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m i x t u r e ,  on c o o l i n g ,  gave a b l a c k  p r e c i p i t a t e ,  v;b.ich, 
a f t e r  s e p a r a t i o n  and w ash ing  w i th  e t h e r ,  p ro v e d  t o  be 
l a r g e l y  t r i p h e n y I p h o s p h i n e  ox ide  ( 2 2 .5  g o ,  81 r a .  m o le ) ,  
m .p .  150- 155° ,  mixed m .p .  w i th  an a u t h e n t i c  sam ple ,  
153- 157° ,  t o g e t h e r  w i t h  some t a r r y  m a t e r i a l .  Fo o t h e r  
p r o d u c t  c o u ld  be  i d e n t i f i e d  from t h e  r e a c t i o n  m i x t u r e .
The c o l d - t r a p  c o n t a i n e d  a  c o l o u r l e s s  s o l i d  which,  
on e x p o s u re  t o  a i r  ( t h e  r e a c t i o n  h a v in g  b ee n  c a r r i e d  
o u t  u n d e r  n i t r o g e n  as  u s u a l ) ,  and as  i t s  t e m p e r a tu r e  
s lo w ly  r o s e  to  18° ,  t u r n e d  p a l e  b l u e ,  t h e n  d ee p e r  b l u e ,  
changed  to  a g r e e n i s h  l i q u i d ,  and e v e n t u a l l y  gave o f f  
r e d  fumes# T h is  i s  t y p i c a l  o f  t h e  b e h a v io u r  o f  n i t r i c  
o x id e  u n d e r  su ch  c o n d i t i o n s T h e  gas  was n o t  
however f u r t h e r  c h a r a c t e r i s e d .
The r e a c t i o n  was r e p e a t e d  w i th  v a r y i n g  p r o p o r t i o n s  
o f  r e a g e n t s  and s o l v e n t .  However, t r i p h e n y I p h o s p h i n e  
o x id e  was th e  o n ly  p r o d u c t  i s o l a t e d ,  i n  e a c h  c a s e ,  from 
t h e  b l a c k ,  i n t r a c t a b l e  t a r s  which fo rm ed  t h e  g r e a t e r  
p a r t  o f  t h e  r e a c t i o n  m i x t u r e .
R e a c t i o n  o f  m - d in i t r o b e n z e n o  w i t h  t r i e t h y l  p h o s p h i t e .  
m -D in i t r o b e n z e n e  ( l 0 .0 5  g . , 6o m. mole) and t r i e t h y l  
p h o s p h i t e  (4 0 .2 6  g* , 240 m. mole) were h e a t e d  t o g e t h e r  
u n d e r  r e f l u x ,  as  d e s c r i b e d  p r e v i o u s l y ,  w i t h  a c o l d - t r a p  
t o  c o l l e c t  any v o l a t i l e  r e a c t i o n  p r o d u c t s .  A v i o l e n t
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r e a c t i o n  to o k  p l a c e  a s  t h e  t e m p e r a tu r e  o f  t h e  r e a c t i o n  
m ix tu r e  r e a c h e d  90- 95° ,  t o  g iv e  a d a rk  h ro \m  s o l u t i o n .  
A f t e r  1 h o u r  a t  100° ,  t h e  r e a c t i o n  m ix tu r e  was a l lo w e d  
t o  c o o l  t o  18° and was th e n  d i s t i l l e d  u n d e r  r e d u c e d  
p r e s s u r e .  A f t e r  rem ov a l  o f  t r i e t h y l  p h o s p h i t e  and 
t r i e t h y l  p h o s p h a t e ,  t h e  d a rk  r e s i d u e  decomposed v i g o r ­
o u s l y  on f u r t h e r  h e a t i n g  t o  g iv e  a s e r i e s  o f  d a rk  hrovm 
t a r r y  p r o d u c t s .  From t h e s e ,  o n ly  a t r a c e  o f  unchanged  
m - d i n i t r o h e n z e n e  c o u l d  he i d e n t i f i e d .  An e x a m in a t io n  
o f  t h e  r e a c t i o n  m ix tu r e  hy  t . l . c .  and g . I . e .  s u g g e s t e d  
t h a t  8 -1 0  d i f f e r e n t  p r o d u c t s  had  been  fo rm ed  in  t h i s  
r e a c t i o n ,  w i t h  no p r o d u c t  o b v io u s ly  p r e d o m i n a t i n g .  Fo 
v o l a t i l e  p r o d u c t s  wore c o l l e c t e d  in  t h e  c o l d - t r a p .
R e a c t i o n  o f  n - d i n i t r o b e n z e n e  w i th  t r i e t h y l  p h o s p h i t e .  
p - D i n i t r o b e n z e n e  ( l 2 .0  g . , 72 m. mole) and t r i e t h y l  
p h o s p h i t e  ( 6o . 3 g , , 364  m. mole) were h e a t e d  t o g e t h e r  
i n  t h e  ab sen ce  o f  a  s o l v e n t .  As t h e  t e m p e r a tu r e  o f  t h e  
r e a c t i o n  m ix tu r e  r e a c h e d  90- 95° ,  t h e r e  was a v i o l e n t  
r e a c t i o n  w i t h  e x t e n s i v e  d e c o m p o s i t io n .  The e x p e r im e n t  
was t e m p o r a r i l y  abandoned .
A s m a l l - s c a l e  e x p e r im e n t ,  f o l lo w e d  by g . l . c .  con­
f i r m e d  t h a t  p - d i n i t r o b e n z e n e  was r a p i d l y  consumed in  th e  
c o u r s e  o f  t h e  r e a c t i o n .  The r e a c t i o n  was n o t i c e a b l y  
e x o th e rm ic  even on a 4 -1 0  m. mole s c a l e .  Tlie g . l . c .
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a n a l y s i s  o f  t h e  r e a c t i o n  m ix tu re  showed t h a t  a number o f  
v o l a t i l e  p r o d u c t s  h a d  b een  formed, a l l  i n  v e r y  low y i e l d  
( 2 - l C / ) *  Fo m a jo r  p r o d u c t  was o b s e rv e d  u n d e r  t h e s e  
g.l.Co c o n d i t i o n s  ( 2 /  F . P . G . 8 . a t  2 0 0 ° ) .
The same r e a g e n t s  d i s s o l v e d  i n  a c e t o n i t r i l e  o r  
d im ethy lfo rm am ide  showed no e v id e n c e  o f  r e a c t i o n  a f t e r  
8 h o u r s  u n d e r  r e f l u x ,  o t h e r  t h a n  a d a r k e n i n g  o f  th e  
s o l u t i o n .
The r e a c t i o n  m i x t u r e s  were examined by g . l . c .  f o r  
t h e  p r e s e n c e  o f  d i e t h y l  p - n i t r o p h e n y l p h o s p h o n a t e ,  by 
co m p ar iso n  w i th  an a u t h e n t i c  sam ple .  There  was no 
e v id e n c e  f o r  t h e  p r e s e n c e  o f  t h i s  compound as  a m a jo r  
p r o d u c t  o f  t h e  r e a c t i o n #  E q u a l l y ,  w i t h  a wide ra n g e  o f  
u n i d e n t i f i e d  p r o d u c t s  w i t h  s i m i l a r  b o i l i n g  p o i n t s  and 
g . l . c .  r e t e n t i o n  t i m e s ,  t h e  p o s s i b i l i t y  o f  th e  p r e s e n c e  
o f  d i e t h y l  p - n i t r o p h e n y l p h o s p h o n a t e  i n  a  y i e l d  o f
1- 5/  c o u ld  n o t  be e x c lu d e d .
R e a c t io n  o f  n - d i n i t r o b e n z e n e  w i t h  t r i m e t h y l  
p h o s p h i t e .  A s o l u t i o n  o f  p - d i n i t r o b e n z e n e  (0 * 4 l  g . ,
2*U m. mole) and t r i m e t h y l  p h o s p h i t e  ( 2 .5 0  g . , 2 0 .1  
m. mole) i n  a c e t o n i t r i l e  (4  m l . )  was h e a t e d  u n d e r  r e f l u x  
f o r  8 h o u r s .  Samples  were t a k e n  from t h i s  r e a c t i o n  
m i x tu r e  a t  i n t e r v a l s  o f  one h o u r  f o r  g . l . c .  e x a m in a t io n .  
Over t h i s  p e r i o d  t h e r e  was no l o s s  o f  s t a r t i n g  m a t e r i a l
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and no f o r m a t i o n  o f  any v o l a t i l e  p r o d u c t .
R e a c t i o n  o f  n - d i n i t r o b e n z e n e  w i t h  t r i - i s o p r o p y l  
p h o s p h i t e .  A s e r i e s  o f  r e a c t i o n s  s i m i l a r  i n  s c a l e  to  
t h a t  d e s c r i b e d  above was c a r r i e d  o u t  i n  a c e t o n i t r i l e  
o r  d im e th y lfo rm am ide  a s  s o l v e n t .  A l th o u g h  th e  r e a c t i o n  
m i x t u r e s  d a rk e n e d  on b e i n g  h e a t e d  u n d e r  r e f l u x ,  g . l . c *  
a n a l y s i s  i n d i c a t e d  t h a t  t h e r e  was l i t t l e  l o s s  o f  s t a r t ­
i n g  m a t e r i a l  o v e r  a p e r i o d  o f  8 h o u r s .  Removal o f  th e  
s o l v e n t  and v o l a t i l e  r e a g e n t s  by d i s t i l l a t i o n  u n d e r  
r e d u c e d  p r e s s u r e ,  and o f  th e  t a r r y  m a t e r i a l  by w ash ing  
w i t h  e t h e r  and by r e c r y s t a l l i s a t i o n  o f  th e  r e s i d u e ,  
l e d  t o  th e  r e c o v e r y  o f  unchanged  p - d i n i t r o b e n z e n e  i n  
75- 80/  y i e l d .
R e a c t io n  o f  n - d i n i t r obenzene  w i t h  e t h y l  d i -  
pheny  Ipho  s p h i n i t e . A s o l u t i o n  o f  p - d i n i t r o b e n z e n e  
(5*0  g . , 30 m. mole) and e t h y l  d ip h en y lp h o  s p h i n i t e  
( 1 0 . 0  g . , 43 m. mole) i n  d im ethy lfo rm am ide  (40  m l . )  
was warmed g e n t l y .  The y e l lo w  s o l u t i o n  d a rk e n e d  th ro u g h  
o ran g e  and r e d  to  b l a c k  a t  6o ° .  As t h e  t e m p e r a tu r e  o f  
t h e  s o l u t i o n  r e a c h e d  100° ,  an e x o th e rm ic  r e a c t i o n  
o c c u r r e d  and t h e  s o l v e n t  b o i l e d *  The r e a c t i o n  m ix tu r e  
was th e n  m a i n t a i n e d  a t  100° f o r  a f u r t h e r  2 h o u r s .
A f t e r  rem oval  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  
t h e  t a r r y  r e s i d u e  was a d s o rb e d  on to  a lum ina  and t h e n
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e l u t e d  q u i c k l y  w i t h  e t h e r .  T h is  p r o c e d u r e  p ro v e d  u s e f u l  
in  a number o f  c a s e s  f o r  t h e  e x t r a c t i o n  o f  p r o d u c t s  and 
un changed  s t a r t i n g  m a t e r i a l s  from t h e  v i s c o u s  t a r s  and 
po l j rm er ic  m a t e r i a l s  fo rm ed  i n  th e  c o u r s e  o f  t h e s e  
r e a c t i o n s .
Vacuum d i s t i l l a t i o n  gave ,  as  two r e a d i l y  s e p a r a b l e  
f r a c t i o n s ,  u nch an ged  p - d i n i t r o b e n z e n e  ( 2*1 g . , 12*5  m. m ole ,  
4^ ,  suTdI. 1 1 0 - 1 1 5 ° / 0 . 0 2  mm., m .p .  1 7 2 - 3 ° ,  and e t h y l  
d i p h e n y l p h o s p h i n a t e  ( 5*4  g*? 22 m* m o le ) ,  b .p*  150-  
133° / 0 o02 mm*, i d e n t i f i e d  by  co m par ison  o f  t h e i r  i . r *  
s p e c t r a  w i t h  t h o s e  o f  a u t h e n t i c  sa m p le s .  Fo o t h e r  
p r o d u c t s  c o u ld  be i d e n t i f i e d  from t h i s  r e a c t i o n .
R e a c t i o n  o f  p - ô_ini t r o b e n zene w i th  d i e t h y l  m e th y l -  
p h o s p h o n i t e * A s o l u t i o n  o f  p - d i n i t r o b e n z e n e  (6*35 g . ,
38 m* mole) and d i e t h y l  m e th y Ip h o s p h o n i te  ( 21*61 g . ,
159 m* mole) i n  a c e t o n i t r i l e  (25 ml*) was h e a t e d  u n d e r  
r e f l u x  f o r  12  h o u r s  t o  g iv e  a d a rk  r e a c t i o n  m ix tu re*
A f t e r  rem ova l  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  
t h e  r e s i d u e  was d i s t i l l e d  f u r t h e r  i n  vacuo * E x am in a t io n  
o f  th e  d i s t i l l a t i o n  f r a c t i o n s  by  g . l . c *  i n d i c a t e d  t h a t  
p—d i n i t r o b e n z e n e  h ad  been  c o m p le t e ly  consumed in  t h i s  
r e a c t i o n ,  b u t  t h a t  t h e  p r o d u c t s  formed were n o t  s e p a r a b l e  
by  d i s t i l l a t i o n *  The f r a c t i o n s  were t h e r e f o r e  recom­
b i n e d  and c h ro m a to g ra p h e d  on a lu m in a .
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E l u t i o n  w i t h  p e t r o l e u m  e t h e r  (h .p*  40~6o°) gave 
f i n e  c o l o u r l e s s  c r y s t a l s  o f  p - n i t r o p h e n e t o l e  ( o . 2 0  g*,
1 . 2  m. mole ,  3 . 2®«), m .p .  5 2 -5 3 ° ,  57- 58° ) .
The i . r *  sp ec t ru m  and t h e  n . m . r .  sp ec t ru m  ^
ca rb o n  t e t r a c h l o r i d e ) ,  0 * t r i p l e t ,  3H, T -  8 . 6 2 ;
O'OHgOH^, q u a r t e t ,  2H , % = 5 *8 8 ; a r o m a t i c ,  2 d o u b l e t s ,
4h, %=. 1*85 and 3 * 1 5 * j  were i d e n t i c a l  w i t h  t h o s e  
p u b l i s h e d  f o r  t h i s  compound.
E l u t i o n  w i t h  b e n z e n e -e th e r  ( l : l )  gave y e l lo w  
c r y s t a l s  o f  F - e t h y l - p - n i t r o a n i l i n e  ( o . l 2 g . , 0 .7 3  m. mole, 
1 *9/ ) .  m .p .  88- 90° ,  ( l i t . ^ ^ ^  96° ) ,  i d e n t i f i e d  by
co m p ar iso n  w i t h  an a u t h e n t i c  sam ple .  The i . r .  s p ec t ru m  
showed (F -H ) ,  3320 cm""^. The n .m # r .  sp ec t ru m
( d e u te r o c h l o r o f o r m )  showed F* t r i p l e t ,  3H,
T =  8 .7 0 ;  F'OHgOHj, q u a r t e t ,  2 H , t = 6 .7 2 ;  FH, b r o a d  
s i n g l e t ,  IH, T -  5*4; a r o m a t i c ,  2 d o u b l e t s ,  4h, %= 1 .9 4  
and 3 *5 0 .
E t h e r  e l u t e d ,  as  f i n e  y e l lo w  n e e d l e s ,  p - n i t r o -  
a n i l i n e ,  ( 0 .4 5  g . , 3 * 26 m. mole ,  6 . 6/ ) ,  ( l i t . ^ " ^ ^  146° ) ,  
i d e n t i f i e d  by co m p a r iso n  o f  t h e  i . r .  and n . m . r .  s p e c t r a  
w i t h  t h o s e  o f  an a u t h e n t i c  sam ple ,  mixed m.p* 144- 146° .
Fo o t h e r  f r a c t i o n s  c o u ld  be i d e n t i f i e d .
R e a c t io n  o f  1 , 2 , 4 - t r i n i t r o b e n z e n e  w i t h  t r i e t h y l  
A s o l u t i o n  o f  t r i e t h y l  p h o s p h i t e  (5*3 g * ,
72
31*6 m. mole) i n  d im e thy lfo rm am ide  (20  m l . ) was added  
s lo w ly  to  a s o l u t i o n  o f  1 , 2 , 4- t r i n i t r o h e n z e n e  ( 3*0 g . , 
14*1  m. mole) i n  d im ethy lfo rm am id e  (20  m l . )  a t  0° .
On rem oval  o f  t h e  i c e - h a t h  a t  t h e  c o m p le t io n  o f  t h i s  
a d d i t i o n ,  t h e  t e m p e r a t u r e  o f  the r e a c t i o n  m ixture r o s e  
to  3 0 -3 5 ° .
The s o l v e n t  and th e  e x c e s s  o f  t r i e t l i y l  p h o s p h i t e  
were removed hy d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  
F a r t h e r  d i s t i l l a t i o n  o f  th e  r e s i d u e  gave ,  a s  th e  f i n a l  
f r a c t i o n ,  d i e t h y l  2 , 4-  d in  i  t  r  ophenylpho  s p h o n a te  ( 2*3 g . , 
7 ,6  m. m ole ,  5 4 / } ,  h . p .  1 5 5 ° / 0 . 01 mm. (Found: G, 3 9 .8 ;
H, 4 ,4 ;  F, 9 ,2 .  O^Qh^^FgOyP r e q u ir e s  G, 39 .5 ;  H, 4 .3 ;
F, 9 , 2  / ) .
The i . r *  sp e c t ru m  showed (f O^), 1550, 1350;
(P=0) ,  1260; ( P - O - E t ) ,  945-980 ,  1010-1050 ,  1162 cm“*^.
The n .m .r*  sp ec t ru m  ( c a rb o n  t e t r a c h l o r i d e )  showed 
P-OGHpG^, t r i p l e t ,  6H, 8 . 6 ; P-OGH^GH^, q u i n t e t ,  4 H,
X -  5 .8 0 ;  and a r o m a t i c ,  m u l t i p l e t ,  3H, T =  1 . 3 - 1 . 9 .
The f o r m u l a t i o n  o f  t h i s  as  t h e  2 , 4 - d i n i t r o - i s o m e r ,  
r a th e r  t h a n  the 2 , 5- d i n i t r o -  o r  t h e  3?4- d i n i t r o - i s o m e r ,  
depended  on an a n a l y s i s  o f  the n . m . r .  a r o m a t i c  m u l t i p l e t ,  
w hich  w i l l  be d i s c u s s e d  f u r t h e r  i n  a  l a t e r  c h a p t e r ,  and 
upon  the i s o l a t i o n  o f  th e  same iso m er  from t h e  r e a c t i o n  
o f  c h l o r o - 2, 4 - d i n i t r o b e n z e n e  and t r i e t h y l  p h o s p h i t e ,
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a l s o  d e s c r i b e d  l a t e r .
D u r ing  t h e  c o u r s e  o f  th e  d i s t i l l a t i o n  o f  t h i s  
p r o d u c t  from t h e  r e a c t i o n  r e s i d u e ,  a f i n e  y e l lo w  s u b l im a te  
h ad  form ed a t  100- 120° / o . 01 mm. A f t e r  p u r i f i c a t i o n  by 
f u r t h e r  s u b l i m a t i o n ,  t h i s  was i d e n t i f i e d  as  2 , 4- d i n i t r o -  
p h e n o l  ( 0 .1 5  g , , 0 .8 2  m. m ole ,  5 . 8/ ) ,  m .p .  108- 110°
( l i t . m. p* 113° ) ,  by co m par iso n  o f  t h e  i . r .  and 
n . m . r .  s p e c t r a  w i t h  t h o s e  o f  an a u t h e n t i c  sam ple ,  
m ixed  m .p .  109- 110° .
An. a t t e m p t  t o  c a r r y  o u t  t h i s  r e a c t i o n  i n  t h e  ab sen ce  
o f  a s o l v e n t ,  on a v e r y  s m a l l  s c a l e ,  d e m o n s t r a t e d  t h a t  
t h e  r e a c t i o n  was e x t r e m e ly  e x o th e rm ic  and l i a b l e  to  be 
v i o l e n t  u n d e r  t h e s e  c o n d i t i o n s .
R e a c t io n  o f  1 . 2 # 4 - t r i n i t r o b e n z e n e  w i t h  t r i m e t h y l  
p h o s p h i t e *  A s o l u t i o n  o f  1 , 2 , 4 - t r i n i t r o b e n z e n e  ( 2 . 0  g * ,
9 .5  m. mole) and t r i m e t h y l  p h o s p h i t e  ( 2*0 g . , l 6 . 2  m. mole) 
i n  a c e t o n i t r i l e  (25  m l . )  was warmed g e n t l y  t o  6o° and 
m a i n t a i n e d  a t  t h i s  t e m p e r a tu r e  f o r  one h o u r .  The s o l ­
v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  and th e  r e s i d u e  
washed th ro u g h  a column o f  s i l i c a  g e l  w i th  e t h e r  to  
remove t h e  t a r r y  p r o d u c t s  fo rm ed .
D i s t i l l a t i o n  o f  t h i s  p u r i f i e d  m a t e r i a l  gave a 
y e l l o w  o i l ,  b .p*  132- 5° / 0 . 01 mm., which c r y s t a l l i s e d  on 
c o o l i n g .  R e c r y s t a l l i s a t i o n  from e t h e r - l i g h t  p e t r o l e u m
7 k
gave d im e th y l  2 , U -d ln l t ro -p heny  1-phosphonate ( l .9  g . ,
6 . 9  m. mole^ 7 3 ^ )  ^ m .p .  70-73°* (Poun(:^_: C, 31I..7 ;
3 *0 ; N, 9 *9 * G g E ^ W g O ^ r o - u l r o s  G, 3li*8 ; H, 3 =3 ;
11, 1 0 .3
The i . r .  s p ec tru m  shor/od (P'-O-Me), 1020-1060;
(P=0 )y 1260; and (NO^), 1350 and 1540 cm” ^ .  The n . m . r .  
spec trum  ( d e u tc r o c h l o r o f o r m )  showed P-OGH^y d o u b l e t ,  6k, 
1 =  6 . 0 8 ; and a r c m a t i c , m u l t i p l e t , 3H^  Ir = 1 « 2- 1 . 8 . A 
co m p le te  a n a l y s i s  o f  t h i s  a r o m a t i c  m u l t i p l e t  was 
p o s s i b l e  and w i l l  be d e s c r i b e d  in  a l a t e r  c h a p t e r .
R e a c t i o n  o f  1, 2 ,4 "" t r in i t ro b e n ' i :o n e  w i t h  t r i - i s o p r o p y l  
p h o s n h l t e . In  a s i m i l a r  manner,  1 , 2 , 4 - t r i n i t r o b c n z o n e  
( 2 .0  go, 9*5 m. mole) and t r i - i s o p r o p y l  p h o s p h i t e  ( 2 .8  g . , 
13*4  m. mole) i n  a c o t o n i t r i l o  (25  m l . )  gave d i - i s o p r ^ i p y l  
2 Ç4 - d i n i t r o p h e n y l p h o s p h o n a t e  ( l . 51 g* , 4*55  m. mole,
48?j),  m.p. 3 7 - 8 °. (Found: G, 43*4; H, 5*4; N, 8 . 2 .  
^12%7^^2^7^ r e o u i r e s  G, 43#4; H, 5 .1 ;  N, 8 . 4  %) •
The i . r .  s p ec tru m  showed V^o-v* ( P -O - P r ^ ) , 970- 
1010, 1100, 1135* 1175; and (P=0) ,  1255 cin"^. The n . n . r .  
sp ec tru m  sho^-ed P - 0GH(0H^)p, t r i p l e t ,  12H, 1:=  8 , 6 2 ; 
P-OGg(GH^)p, s e x t e t  (due to  o v e r l a p p i n g ) ,  2H, 5 . 1 2 ;
and a r o m a t i c ,  m u l t i p l e t ,  3H , t  = 1 . 3- 1 . 8 ,
Re a c t i on o f  1 ,  2 , 4 '^ t r i n i t r o b o n z o n e  w i t h  e t h y  1 
d i p h eny I p h o s p h i n i t e . T h is  r e a c t i o n  p ro v e d  to  be h i g h l y
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e x o th e r m ic ,  even i n  s o l u t i o n  a t  low t e m p e r a t u r e s .  A 
s o l u t i o n  o f  e t h y l  d i p h e n y l p h o s p h i n i t e  ( 6 . 0  g , , 2 6 .0  m. 
mole) i n  dime th j r l fo rm  amide (25 ml.  ) was added d r  op w ise  
t o  a  s e m i - s o l i d  s o l u t i o n  o f  1 , 2 , l j - d in i t ro " b o n z e n e  
( 2 .0  go, 9*4 m.mole) i n  d im ethy lfo rm am ide  a t  - 60^ .
A v i g o r o u s  r e a c t i o n  to o k  p l a c e  and, d e s p i t e  c o n t i n u e d  
c o o l i n g ,  t h e  t e m p e r a t u r e  o f  th e  r e a c t i o n  m ix tu r e  r o s e  
t o  +6o^,  w i t h  a c o n s i d e r a b l e  e v o l u t i o n  o f  n i t r o u s  fum es,  
t o  g iv e  a b l a c k ,  t a r r y  r e a c t i o n  m i x tu r e .
D i s t i l l a t i o n  and ch ro m atog rap hy  gave no i d e n t i f i a b l e  
p r o d u c t s ,  i t  b e i n g  i m p o s s ib l e  t o  s e p a r a t e  t h e  many 
p r o d u c t s ,  i n  low y i e l d ,  from th e  p o ly m e r ic  t a r s .
R e a c t i o n  o f  1» 2 . 4 - - t r i n i t r o b e n z e n e  w i t h  t r i p h e n y l -  
phosph in© . A s i m i l a r  d i f f i c u l t y  to  t h e  above was 
e x p e r i e n c e d  i n  t h i s  r e a c t i o n .  A s o lu t io n  o f  1 , 2 , 4 - t r i ­
n i t r o b e n z e n e  ( 0 .3 6  go, 1 .6 9  m. mole) and t r i p h e n y l -  
p h o s p h in e  ( 2 .3 5  g*, 8 .9 6  m. mole) i n  a c e t o n i t r i l e  
(50  m l . )  on g e n t l e  warming, gave a d a rk  s o lu t io n  and 
n i t r o u s  fum es.  T r iphenyIphosphine o x id e  ( l . l 2 g . ,
4*03 m. mole, 4 5 ^ ) ,  m .p .  1 5 0 -1 ^ ,  ( l i t ^  m .p .  152- 3^ ) ,  
I d e n t i f i e d  by co m p ar iso n  o f  th e  i . r .  sp ec tru m  w i t h  t h a t  
o f  an a u t h e n t i c  sam ple ,  was th e  o n ly  p r o d u c t  i s o l a t e d  
from th e  t a r r y  r e s i d u e .
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Reac t i o n  o f  n i t r o b e n z e n e  e t h y l  d ip l io n y l -
p h o s p h i n i t e .  A s o l u t i o n  o f  n i t r o b e n z e n e  ( 0 .2 1  g . ,
1 .7 1  m* mole) and e t h y l  d i p h e n y I p h o s p h i n i t e  (0♦41 g # ,
1 #76 m. mole) i n  d im e th y lfo rm am ide  (5 m l . )  was h e a t e d  
u n d e r  r e f l u x  f o r  6 h o u r s .  The b l a c k ,  t a r r y  r e a c t i o n  
m ix tu r e  was exam ined  by t . l . c .  f o r  th e  p r e s e n c e  o f  
t r i p h e n y I p h o s p h i n e  ox ide*  No e v id e n c e  f o r  t h e  p r e s e n c e  
o f  t h i s  was fo u n d .
R e a c t io n  o f  n i t r o b e n z e n e  w i th  t r i e t h y l  p h o s p h i t e .
A s o l u t i o n  o f  n i t r o b e n z e n e  ( 1 .2 3  g* , 10 m. mole) i n  
t r i e t h y l  p h o s p h i t e  ( 8 . 3  g . ,  50 m. mole) was h e a t e d  
u n d e r  r e f l u x  f o r  S hours*  The s o l u t i o n  became i n c r e a s ­
i n g l y  d a rk  and v i s c o u s .  The r e a c t i o n  m ix tu r e  was examined 
by  g . l . c *  f o r  t h e  p r e s e n c e  o f  d i e t h y l  p h e n y Ip h o s p h o n a te ,  
an a u t h e n t i c  sample o f  t h i s  b e i n g  a v a i l a b l e :  t h e r e  
was no e v id e n c e ,  how ever ,  f o r  th e  p r e s e n c e  o f  t h i s  
compound. D i s t i l l a t i o n  and ch ro m a to g rap h y  f a i l e d  to  
s e p a r a t e  i d e n t i f i a b l e  f r a c t i o n s  from t h e  q u a n t i t i e s  o f  
t a r r y  m a t e r i a l  formed*
R e a c t i o n  o f  p - n i t r o b e n z e n e d i a z o n iu m  f l u o r o b o r a t e  
w i t h  t r i e t h y l  p h o s p h i t e *  A s o l u t i o n  o f  t r i e t h y l  p h o s p h i t e  
(17*1 g*, 104  m. m ole)  i n  benzene  (25 m l . )  was added 
s lo w ly  to  a s o l u t i o n  o f  o - n i t r o b e n z e n e d i a z o n iu m  f l u o r o — 
b o r a t e  ( 6 . 2  g . ,  22 m* mole) i n  b enzene  (50  m l . )  a t  18° .
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A v i g o r o u s  e x o th e r m ic  d e c o m p o s i t io n  to o k  p l a c e  to  
g iv e  a  c l e a r  r e d  s o l u t i o n .
A f t e r  rem ova l  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e ,  e x a m in a t io n  o f  t h e  r e s i d u e  by g . l . c .  i n d i ­
c a t e d  t h a t  8 -10  v o l a t i l e  s u b s t a n c e s  h ad  been  fo rm ed  i n  
y i e l d s  o f  5 -1 5 ^ ,  w i t h  no p r o d u c t  p r e d o m i n a t i n g .  Com parison 
o f  t h e  chromatogram o f  t h i s  r e a c t i o n  m ix tu r e  w i t h  t h o s e  
o f  a s e r i e s  o f  a u t h e n t i c  sam p les ,  on two d i f f e r e n t  g . l . c .  
columns N .P .G .S .  and % q . F . - l  a t  l 6 o - l 8 5 ° ) ,  and "by 
t . l . c .  on s i l i c a ,  l e d  t o  t h e  i d e n t i f i c a t i o n  o f  o - n i t r o -  
b ip h e n y 1 ( l 2 - 1 4 ^ ) ,  0 - n i t r o a n i l i n e  ( l l $ )  and N - e t h y l -  
o - n i t r o a n i l i n e  ( 6 ^ ) .  There  was no e v id e n c e  f o r  t h e  
f o r m a t i o n  o f  n i t r o b e n z e n e  o r  o f  £ - n i t r o p h e n o l .
R e a c t i o n  o f  4 - m e t h y l - 2^- n i t r o d i p h e n y l s u l p h o n e  w i t h
t r i e t h y l  p h o s p h i t e .  The r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e
( 6 .6 5  g . , 40 m. mole) and 4 - m e t h y l - 2 ' - n i t r o d i p h e n y 1 -  
s u lp h o n e  ( 2 .7 7  g*? 10 m. mole) a t  150° f o r  12 h o u r s  
was r e p o r t e d  to  g iv e  a s o l i d  b l a c k  t a r ,  i n s o l u b l e  i n  a l l  
s o l v e n t s  e x c e p t  d im e th y lfo rm am id e ,  from v/hich no p r o ­
d u c t s  c o u ld  be i s o l a t e d .
T h is  r e a c t i o n  was r e p e a t e d  by h e a t i n g  a s o l u t i o n  o f  
4 - m e t h y l - 2 -^ n i t r o d i p h e n y l s u l p h o n e  ( 0 .3 8  g . , 1 .3 7  m. mole) 
and  t r i o t h y l  p h o s p h i t e  ( 0 .8 7  g . , 5 .1 8  m. mole) i n  
a c e t o n i t r i l e  ( 3 m l . )  u n d e r  r e f l u x  f o r  10 h o u r s .  On
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rem o va l  o f  t h e  s o l v e n t  by  d i s t i l l a t i o n  u n d e r  r e d u c e d  
p r e s s u r e ,  a p r e c i p i t a t e  form ed which was removed by 
f i l t r a t i o n *  A f t e r  r e c r y s t a l l i s a t i o n  from  c h lo r o f o r m ,  
t h i s  was shoYjn to  be un changed  s u lp h o n e  (O.IO g . ,
0*32 m« m o le ) ,  by  co m p ar iso n  o f  i . r .  sp ec t ru m  w i th  
t h a t  o f  an a u t h e n t i c  sam ple .
Both t . l . c .  and g . l . c .  a n a l y s i s  i n d i c a t e d  t h a t  
d i e t h y l  o - n i t r o p h e n y l p h o s p h o n a t e  was p r e s e n t  i n  low 
y i e l d .  T h is  was c o n f i r m e d  by  ch ro m a to g rap h y  on s i l i c a  
g e l ,  e t h e r  e l u t i n g  a f r a c t i o n  o f  a lm o s t  p u re  d i e t h y l  
o - n i t r o p h e n y I p h o s p h o n a t e  (0 .0 2 2  g . , 0*084 m. m ole ,  8 ^ ) ,  
i d e n t i f i e d  by c o m p a r iso n  o f  t h e  i . r .  sp ec t ru m  w i t h  t h a t  
o f  an a u t h e n t i c  sam p le .
R e a c t io n  o f  2 - n i t r o p y r i d i n e - H - o x i d e  w i th  t r i e t h y l  
p h o s p h i t e .  A s o l u t i o n  o f  2 - n i t r o p 5 r r id i n e - N - o x i d e  
( 0 .5 8  g # , 4 * 28 m. mole) and t r i e t h y l  p h o s p h i t e  ( 2 .5 6  g . , 
15*3  m. mole) i n  a c e t o n i t r i l e  (15 m l . )  was h e a t e d  u n d e r  
r e f l u x  f o r  one h o u r  to  g iv e  a c l e a r  o range  s o l u t i o n .  
A f t e r  rem oval  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  th e  
r e s i d u e  was d i s t i l l e d  t o  g iv e  a y e l l o w  o i l  (o .903  g . ) ,  
b .p *  80- 1 20°/ 0 . 01 mm. E x am in a t io n  o f  t h i s  o i l  by  g . l . c .  
showed i t  t o  be a m ix tu r e  o f  t r i e t h y l  p h o s p h a t e ,  an 
unlcnovn m a jo r  p r o d u c t ,  and a number o f  m inor  p r o d u c t s .
C hrom atography on a lu m in a  gave ,  on e l u t i o n  w i t h  1:1
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b e n z e n e - e t h e r ,  a y e l l o w  o i l ,  ( 0*37 g .  ) ,  v/hicb was 
sboim by g . l . c .  t o  be  an impure sample o f  t h e  m ajo r  
p r o d u c t .  F u r t h e r  a t t e m p t s  to  p u r i f y  t h i s  sample by 
d i s t i l l a t i o n  and ch ro m a to g rap h y  were u n s u c c e s s f u l .  
P r é p a r â t i v e - 8Gale g . l . c . ,  however ,  gave ,  as  a j re l low  
o i l ,  d i e t h y l  2- p y r i d y I p h o s p h o n a t e  ( t o t a l  y i e l d  
c a .  0 .3 2  g . , 1 .4 9  m. mole ,  35$ )  ^ b .p*  110- 120° / 0 . 01 mm* 
(Pound: 0 ,  5 0 .3 ;  H, 6*4; 6.9# r e q u i r e s
0 , 5 0 . 3 ; H, 6 . 5 ; N, 6 .5  $ )*  j^The c o r r e s p o n d i n g  
N -o x id e ,  would r e q u i r e  C, 4 6 . 7 ; H, 6 . 0 5 ;
F ,  6005 The i . r .  sp ec tru m  showed (p = 0 ) ,
1255; (P -O - E t ) ,  970, 1020-1055 ,  1170. The n . m . r .  sp e c ­
t rum  ( d e u tc r o c h l o r o f o r m )  showed POOHgOH^, t r i p l e t ,  6H, 
8 . 6 ; P-OOHgOH^, q u i n t e t ,  4H, 7 =  5 *6 ; p y r i d i n e  r i n g ,  
m u l t i p l e t ,  4H, X =  1 . 6- 2 . 7 .
R e a c t io n  o f  2 - n i t r o p y r i d i n e  and 4 - n i t r o p y r i d i n e -  
F - o x id e  w i th  t r i e t h y l  p h o s p h i t e *  Under s i m i l a r  r e a c t i o n  
c o n d i t i o n s  to  t h o s e  d e s c r i b e d  i n  th e  p r e v i o u s  e x p e r im e n t ,  
no r e a c t i o n  a t  a l l  was o b s e r v e d  be tw een  t r i e t h y l  
p h o s p h i t e  and e i t h e r  2- n i t r o p y r i d i n e  o r  4 - n i t r o p 3^ r i d i n e -  
F - o x i d e .  E x a m in a t io n  o f  th e  r e a c t i o n  m i x t u r e s  by 
g . l . c .  i n d i c a t e d  t h a t  t h e  s t a r t i n g  m a te j? ia l  re m a in e d  
u n ch an ged  a f t e r  8 h o u r s  o f  h e a t i n g  u n d e r  r e f l u x  i n  
a c e t o n i t r i l e ^  jxi t h e  ab sen ce  o f  s o l v e n t ,  and a t  h ig h
8 0
t e m p e r a t u r e s ,  a r e a c t i o n  to o k  p l a c e  in  ea c h  c a s e  t o  
g iv e  a b l a c k  i n t r a c t a b l e  t a r .  No p r o d u c t s  were 
i d e n t i f i e d  from t h e s e  r e a c t i o n s .
R e a c t i o n  o f  g - c h l o r o n i t r o b e n z e n e  w i th  t r i e t h y l  
p h o s p h i t e .  o - G h l o r o n i t r o b e n z e n e  ( l 2 .0  g . , ?6 m* mole) 
and  t r i e t h y l  p h o s p h i t e  (8 0 .3  g«, 478 m. mole) were 
h e a t e d  u n d e r  r e f l u x ,  i n  th e  ab sen ce  o f  s o l v e n t ,  f o r  
one h o u r .  A l i n u i d - a i r  c o l d - t r a p  was u s e d  a s  b e f o r e  
t o  c o l l e c t  any v o l a t i l e  p r o d u c t s  from t h e  r e a c t i o n .  
There  was no v i g o r o u s  r e a c t i o n  o f  t h e  k i n d  t h a t  h ad  
o c c u r r e d  i n  t h e  c o r r e s p o n d i n g  r e a c t i o n  o f  o - d i n i t r o -  
b enzene  w i t h  t r i e t h y l  p h o s p h i t e ,  a l t h o u g h  t h e  s o l u t i o n  
d a rk e n e d  r a p i d l y  a t  80° .
A w h i te  s o l i d ,  a t  - 1 8 0 ° ,  c o l l e c t e d  i n  t h e  c o l d -  
t r a p .  T h is  was i d e n t i f i e d  as  e t h y l  c h l o r i d e  ( 2 . 6  g . , 
40  m. m ole ,  53$ )  by  co m p ar iso n  o f  t h e  i . r . , n . m . r . , 
and m a s s - s p e c t r a  w i t h  t h o s e  o f  an a u t h e n t i c  sam ple .
The f a t e  o f  t h e  r e m a in d e r  o f  th e  m o le c u le  c o u ld  
n o t  be d e t e r m in e d .  An e x a m in a t io n  o f  t h e  r e a c t i o n  
m ix tu r e  by g . l . c .  showed a number o f  h i g h - b o i l i n g  
p r o d u c t s  in  low y i e l d s .  D i s t i l l a t i o n  and r e p e a t e d  
ch ro m a to g rap hy  on a lu m in a ,  and on s i l i c a  g e l ,  gave a 
s e r i e s  o f  y e l lo w  o i l s ,  a l l  o f  w hich  were ,  how ever ,  
im pure .  No s t r u c t u r a l  a s s ig n m e n t s  c o u ld ,  t h e r e f o r e .
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be made.
The e x p e r im e n t  was r e p e a t e d  by h e a t i n g  a s o l u t i o n  
o f  o - o h l o r o n i t r o b e n z e n e  (1 0 .5 0  g , , 67 m* mole) and 
t r i e t h y l  p h o s p h i t e  (1 6 .6 0  g . , 100 m. mole) i n  a o e t o -  
n i t r i l e  (30  m l . )  u n d e r  r e f l u x  f o r  8 h o u r s ,  w i t h  a 
l i q u i d - a i r  c o l d - t r a p ,  as  a b o v e . At t h e  end o f  th e  
r e a c t i o n ,  e t h y l  c h l o r i d e  ( 0*40  g . , 6 m* m ole ,  9 *2$ )  
d i s s o l v e d  i n  a c e t o n i t r i l e  was a g a in  i d e n t i f i e d  i n  t h e  
c o l d  t r a p  by co m p ar iso n  w i th  an a u t h e n t i c  sam ple .
D i s t i l l a t i o n  and r e p e a t e d  ch rom a tog raph y  o f  t h e  
r e a c t i o n  m ix tu r e  l e d  t o  th e  r e c o v e r y  o f  unchanged  
a - c h l o r o n i t r o b e n z e n e  ( 3«7 g . , 24 m, m o le ) ,  t r i e t h y l  
p h o s p h i t e  ( 6 .1  g . ,  37 m. m o le ) ,  aaid t r i e t h y l  p h o s p h a te  
( 2 .5 5  go f 14 IQ* m o le ) .  The o t h e r  p r o d u c t s  o f  t h i s  
r e a c t i o n  c o u ld  n o t  be  s e p a r a t e d  by e i t h e r  d i s t i l l a t i o n  
o r  ch ro m a to g rap h y .  A lth o u g h  g . l . c .  a n a l y s i s  on one 
column ( 2$  H.PcG.So a t  165° )  d i d  s u g g e s t  t h a t  d i e t h y l  
o -n  i  t r o p h e n y Ip h o  sphon a t  e m igh t  be p r e s e n t  i n  low y i e l d ,  
t h i s  c o u ld  n o t  be c o n f i rm e d  by any o t h e r  m ethod.
R e a c t i o n  o f  o h l o r o —2^4—d i n i t r o b e n z e n e  w i t h  t r i e t h y l  
p h o s p h i t e .  A s o l u t i o n  o f  c h l o r o - 2 , 4 - d i n i t r o b e n z e n e  
( 1 0 .1 0  g o ,  50 m. mole) and t r i e t h y l  p h o s p h i t e  (33*15 g « ,  
200 m. mole) i n  t o l u e n e  (lOO m l . )  was h e a t e d  u n d e r  
r e f l u x  f o r  6 h o u r s .  E x am in a t io n  o f  t h e  r e a c t i o n
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m ix tu r e  by  g . l . c .  showed t h a t  a t  l e a s t  9 ^*major'^ p r o ­
d u c t s  h a d  b e e n  fo rm ed  i n  t h e  c o u r s e  o f  t h i s  r e a c t i o n ,  
t o g e t h e r  w i t h  a number o f  s u b s i d i a r y  p r o d u c t s .
A f t e r  rem ova l  o f  t h e  s o l v e n t  u n d e r  r e d u c e d  p r e s s u r e ,  
t h e  r e s i d u e  was d i s t i l l e d  t o  g iv e  a c l e a r  o ra n g e  o i l .  
Chrom atography  o f  t h i s  o i l  on a lu m in a  ( e l u t i o n  w i t h  
1 :1  b e n z e n e - e t h e r ) , and f u r t h e r  ch ro m a to g rap h y  o f  t h i s  
f r a c t i o n  on s i l i c a  ( e l u t i o n  w i t h  e t h e r )  gave a p u r e  
sample o f  d i e t h y l  2 , 4 - d i n i t r o p h e n y l p h o s p h o n a t e  ( 0 . 17 g#,
5 . 6  m. m ole ,  1 1 . 2$ ) ,  a sample o f  which was a v a i l a b l e  
from an e a r l i e r  e x p e r i m e n t .  The i . r . , n . m . r . , and g . l . c .  
c h a r a c t e r i s t i c s  o f  t h e  two sam ples  were i d e n t i c a l .
No f u r t h e r  com ponents  o f  t h i s  r e a c t i o n  m ix tu r e  
c o u l d  be i s o l a t e d  in  s u f f i c i e n t  p u r i t y  f o r  any s t r u c t u r e  
t o  be a s s i g n e d .
3, R e a c t io n  o f  o -A lky  I n i  t r o  s o -  and A l k y l n i t r o b e n z e n e s  
w i t h  T e r v a l e n t  P h o sp h o ru s  R e a g e n ts .
In  t h i s  s e r i e s  o f  e x p e r im e n t s ,  i n  c o n t r a s t  t o  
t h o s e  d e s c r i b e d  i n  t h e  p r e v i o u s  c h a p t e r ,  a u t h e n t i c  
sam ples  o f  t h e  p r o d u c t s  o f  t h e  r e a c t i o n s  were g e n e r ­
a l l y  a v a i l a b l e  o r  c o u l d  b e  s y n t h e s i s e d  by kno\?m m ethods:  
i d e n t i f i c a t i o n  was t h e r e f o r e  p o s s i b l e  by  means o f  a 
d i r e c t  co m p ar iso n  o f  th e  i . r .  and n . m . r .  s p e c t r a  i n  
e a c h  c a s e . The s p e c t r a  a r e  d e s c r i b e d  in  a l a t e r
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c h a p t e r ,  where n e c e s s a r y ,  and a r e  n o t  i n c l u d e d  in  t h e  
e x p e r i m e n ta l  d e t a i l s *  The s p e c t r a  o f  o t h e r ,  n o v e l ,  
compounds a r e  d e s c r i b e d  in  th e  a p p r o p r i a t e  p l a c e  i n  
t h e  t e x t*
R e a c t io n  o f  g - n i t r o s o t o l u e n e  w i t h  t r i e t h y l  p h o s p h i t e *
(a )  R e a c t io n  i n  h y d ro c a rb o n  s o l v e n t .  A s o l u t i o n  o f  
o -n  i t r o  so t o l u e n e  (2*42 g* , 20 m. mole) i n  benzene  
(30  m l , ) was added  s lo w ly  to  a s o l u t i o n  o f  t r i e t h y l  
p h o s p h i t e  ( 3*32  g . /  20 m, mole) in  benzene  (40  m l . )  a t  
0 ° ,  The s o l u t i o n  changed  c o l o u r  from b l u e - g r e e n ,  to  
p a l e  g r e e n ,  t o  orange*  A f t e r  one h o u r ,  g . l . c .  
e x a m in a t io n  o f  th e  r e a c t i o n  m ix tu r e  showed t h a t  t h e  
m a jo r  p r o d u c t  was 2 , 2 ’-d im e th y la z o x y b e n z e n e ,  t o g e t h e r  
w i t h  s m a l l e r  amounts  o f  o t h e r  p r o d u c t s .
The s o l v e n t  was removed u n d e r  r e d u c e d  p r e s s u r e  and 
t h e  r e s i d u e  s u b j e c t e d  to  ch rom a to g rap hy  on a lu m in a .
E l u t i o n  w i th  1 :1  b e n z e n e - l i g h t  p e t r o l e u m  (b*p . 4 0 -6 o ° )  
gave a p u re  sample o f  2 , 2 * -d im e th y lazo x y b e n zen e  ( l *08 g . ,
4 . 6  m. mole,  46?^), m .p .  55- 56° ,  ( l i t , ^ ^ ^  59° ) .
E l u t i o n  w i t h  b en z en e  gave o - t o l u i d i n e  ( 0 .1 5  g , ,
1*4 ÏQ» mole,  7$)* The i . r .  and n . m . r .  s p e c t r a  o f  b o t h  
compounds were i d e n t i c a l  w i th  t h o s e  o f  a u t h e n t i c  
s a m p le s .
An e x a m in a t io n  o f  t h e  o r i g i n a l  r e a c t i o n  m ix tu r e
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by  g* 1 . 0 , - 1 . r ,  c o l l e c t i o n  and a n a l y s i s  l e d  to  th e
i d e n t i f i c a t i o n  o f  a m inor p r o d u c t  o f  t h e  r e a c t i o n  as
N - o - t o l y l - 2- a c e t i m i d y l p y r i d i n e  ( 3- 5$)^  an a u t h e n t i c
sample o f  which h a d  b een  p r e p a r e d  by t h e  method o f  
7 ^S u n d b e rg /^  by  h e a t i n g  o - t o l u i d i n e  ( l . O  g . , 9 . 3  m. mole) 
and  2 - a c e t y l p y r i d i n e  ( l . O  g . ,  8 . 3  iQ* mole) a t  200° f o r  
2 h o u r s  i n  t h e  p r e s e n c e  o f  a t r a c e  o f  z in c  c h l o r i d e .
A second  m inor  p r o d u c t  was i s o l a t e d  by th e  same 
t e c h n i o u e  and i d e n t i f i e d  as  d i e t h y l  N - o - t o l y l p h o s p h o r -  
ami d a t e  ( c a .  5$ )  by  co m par ison  o f  th e  i . r .  sp ec t ru m  and 
th e  g . l . c .  r e t e n t i o n  t im e  w i th  t h o s e  o f  an a u t h e n t i c  
sam ple .
(b) R e a c t i o n  i n  t r i e t h y l  p h o s p h a te  s o l u t i o n ,  w i t h  
a  l a r g e  e x c e s s  o f  t r i e t h y l  p h o s p h i t e .  A s o l u t i o n  o f  
o - n i t r o s o t o l u e n e  ( 9 .9 0  g . , 82  m. mole) i n  t r i e t h y l  
p h o s p h a te  (33  m l . )  was added i n  s m a l l  p o r t i o n s  to  
t r i e t h y l  p h o s p h i t e  (75  m l . )  a t  0 ° .  The o r i g i n a l  g r e e n  
c o l o u r  o f  t h e  s o l u t i o n  changed  th ro u g h  y e l lo w  to  a da rk  
broTO. The r e a c t i o n  p ro v e d  to  be e x t r e m e ly  e x o th e r m ic ,  
and, d e s p i t e  s t i r r i n g  and c o o l i n g  i n  an i c e - b a t h ,  t h e  
r e a c t i o n  t e m p e r a t u r e  t e n d e d  to  r i s e  above 20° .
An e x a m in a t io n  o f  t h e  r e a c t i o n  m ix tu r e  by  g . l . c .  
and go I . e . - i . r .  c o l l e c t i o n  and a n a l y s i s  showed t h a t  t h e  
Einil,  N - o - t o l y l - 2- a c e t i m i a _ y lp y r id i n e  ( 21$ ) ,  and t r i e t h y l
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N - o - t o l y l p h o s p h o r i r a i d a t e  a n d / o r  d i e t h y l  N -e th y l - N -  
o -1 o ly I p h o s p h o r a m id a te  a n d / o r  d i e t h y l  N - o - t o l y l -  
p h o s p h o ra m id a te ,  ( t o t a l  y i e l d  c a ,  32$ ) ,  h ad  been  fo rm ed  
a t  t h e  expense  o f  2 , 2 ^ -d im e th y laz o x y b en zen e  ( c a .  9$)#
Two s m a l l  p e a k s  c o r r e s p o n d i n g  to  h i g h  b o i l i n g  p r o ­
d u c t s  ( c a .  3$)  were n o t  i d e n t i f i e d .
In  t h i s  and i n  s u b s e q u e n t  e x p e r im e n ts  i t  i s  
d i f f i c u l t  t o  g iv e  p r e c i s e  y i e l d s  o f  t r i a l k y l  
N - a r y l p h o s p h o r i m i d a t e s  and d i a l k y l  N - a lk y l - N -  
a r y l p h o s p h o r a m i d a t e s , on t h e  b a s i s  o f  g , l , c , 
a l o n e , as  r e a r r a n g e m e n t  from t h e  f i r s t  to  t h e  
second  t a k e s  p l a c e  r e a d i l y  on d i s t i l l a t i o n  o r  on 
i n j e c t i o n  on t o  a g . l . c ,  column. D i a l k y l  N - a r y l ­
pho s p h o r a m id a te s  a r e  a l s o  form ed t o  a l e s s e r  e x t e n t  
on a  g . l . c ,  column, from  t h e  c o r r e s p o n d i n g  t r i a l k y l  
N - a r y l p h o s p h o r i m i d a t e s ,  and to  a  much g r e a t e r  
e x t e n t  by  h y d r o l y s i s  d u r in g  ch rom a to g rap hy  on a 
column o f  a lu m in a  o r  s i l i c a  g e l .  T h is  p ro b lem  
w i l l  be d i s c u s s e d  f u r t h e r  i n  a l a t e r  c h a p t e r .
The r e a c t i o n  m ix tu r e  from t h e  above e x p e r im e n t  was 
d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  t o  remove t h e  e x c e s s  o f  
t r i e t h y l  p h o s p h i t e  and th e  t r i e t h y l  p h o s p h a te  s o l v e n t ,  
and th e  gummy r e s i d u e  washed w i t h  l i g h t  p e t r o l e u m .  
W e ll - fo rm ed  c r y s t a l s  o f  d i e t h y l  N - o - to l y l p h o s p h o r a m i d a t e
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( 2 .1  g . ,  8 .6  m. m ole , 10.59^), m .p . 9 3 .5 °  ( l l t . ^ ^ °  9 5 ° ) ,  
were s e p a r a t e d  from  th e  r e s i d u e ,  and i d e n t i f i e d  by  
co m p ariso n  w i th  an a u t h e n t i c  sam p le . The n . m . r .  sp ec tru m  
o f  th e  r e s i d u e  ( 3 .1 0  g . )  showed i t  to  be a m ix tu re  o f  
t h e  a n i l ,  K - o - t o l y l - 2 - a c e t i m i d y l p y r i d i n e  ( c a .  1 .3 3  g . ,
7*4 m. m ole , 18$) and t r i e t h y l  N - o - to ly I p h o s p h o r im id a te  
( c a .  3*53 g*y 13*1 IQ* m ole , 1 6 $ ) .
C hrom atography  o f  th e  r e s id u e  on a column o f  
a lu m in a  gave two i d e n t i f i a b l e  f r a c t i o n s .  E l u t i o n  w i th  
1 :1  b e n z e n e - l i g h t  p e t ro le u m  b . p .  40 - 60° )  gave 2 ,2 * -  
d im e th y la z o x y b e n z e n e  ( o . 21 g . , 1 .2 7  m. m ole , 3 .1 $ ) ,  
m.po 5 3 -5 7 ° ,  (1 1 59°) # E l u t io n  w i th  1 :1  b e n z e n e -  
e t h e r  gave d i e t h y l  N -£-1  o ly Ip h o  spho r  am i d a t e  ( l . 83 g* ,
7 . 5  m. m ole, 9 . 1 ^ ) ,  m.p. 93-94°  ( l l t . ^ ° °  9 5 ° ) .  The a n i l  
was n o t  fo u n d  in  any o f  th e  f r a c t i o n s  f o l lo w in g  th e  
chrom atography«
S undberg  r e p o r t e d  th e  i s o l a t i o n  o f  N - o - t o l y l -  
c(-me t h y l -  2 -p y r  id y  In  i t  ro n e  a s  a y e l lo w  c r y s t a l l i n e  
s o l i d ,  m .p . 1 1 9 -1 2 2 ° ,  from  th e  r e a c t i o n  o f  o - n i t r o s o -  
to lu e n e  w i th  t r i e t h y l  p h o s p h i t e  u n d e r  th e c o n d i t i o n s  
d e s c r i b e d  above . However t h e r e  was no e v id e n c e  f o r  
th e  fo rm a t io n  o f  t h i s  compound in  t h i s  e x p e r im e n t .  An 
a t t e m p t  to  p r e p a r e  an a u t h e n t i c  sam ple o f  th e  n i t r o n e  
from  o -to ly lh y d r o x y la m in e  and 2 - a c e t y l p y r i d i n e  gave
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l a r g e l y  N -o -1 o l y 1 - 2 - ac e t  im id y I p y r  i d i n e .
R e a c t io n  o f  ^ - e t h y l n i t r o s o b e n z e n e  w i th  t r i e t h y l  
p h o s p h i t e .  (a )  R e a c t io n  in  h y d ro c a rb o n  s o l v e n t .  A 
s o l u t i o n  o f  o - e th y ln i t r o s o b e n z e n e  ( I .36  g . ,  10 m. m ole) 
i n  benzene  (15  m l . )  was added s lo w ly  to  a s o l u t i o n  o f  
t r i e t h y l  p h o s p h i t e  ( I .6 7  g . , 10 m. m ole) i n  b en zene  
(20  m l .)  a t  0 ° .  The b lu e - g r e e n  s o l u t i o n  became p a l e -  
g r e e n ,  th e n  o ra n g e .  A f t e r  one h o u r ,  a g . l . c .  exam i­
n a t i o n  o f  th e  r e a c t i o n  m ix tu re  showed t h a t  th e  m a jo r  
p r o d u c t  was 2 , 2 * -d ie th y la z o x y b e n z e n e ,  t o g e t h e r  w i th  
s m a l l e r  amounts o f  o t h e r  p r o d u c t s .  A f t e r  rem oval o f  
th e  s o lv e n t  u n d e r  re d u c e d  p r e s s u r e ,  a p o r t i o n  (5 ‘0$) o f  th e  
r e s i d u e  was s u b j e c t e d  to  ch ro m ato g rap h y  on a lu m in a , th e  
f o l lo w in g  f r a c t i o n s  b e in g  c o l l e c t e d :
1 . o ran g e  o i l  (O .O lh g . ) ,  e l u t e d  w i th  l i g h t
p e t ro le u m ;
2 . y e l lo w  c r y s t a l l i n e  s o l i d  (0 .3 1 2  g . ) ,  e l u t e d
w i th  1 :1  l i g h t  p e t ro le u m -b e n z e n e ;
3* o ra n g e  o i l  ( 0 .0 4 3  g$ ) ,  e l u t e d  w i th  b e n z e n e ;
4* d a rk  o i l s  ( o .058 g . ) ,  e l u t e d  w i th  1:1 b e n z e n e -  
e t h e r ;
5* r e d  v i s c o u s  o i l s  (O.2 6 3  g . ) ,  e l u t e d  w i th  1:1  
e th e r -m e  th a n o 1 «
F r a c t i o n  2 was sh o rn  to  be 2 , 2 * -d ie th y la z o x y b e n z e n e
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( 2 .4 5  m* m ole , 49$ ) ,  m .p . c a .  18° ( l i t . ^ * ^ ^  13°)*
F r a c t i o n  3 was slio^/n to  be o -e  t h y l  a n i l i n e  ( 0 .3 6  m. m ole , 
7 * ^ ) #  F r a c t i o n  5 was l a r g e l y  t r i e t h y l  p h o s p h a te ,  
t o g e t h e r  w i th  some t a r r y  m a t e r i a l .  I d e n t i f i c a t i o n  was 
a c h ie v e d  by co m p ar iso n  o f  th e  i . r .  and n . m . r .  s p e c t r a  
w i th  th o s e  o f  a u t h e n t i c  sam p le s ,  i n  ea ch  c a s e .  F r a c t i o n  
4 was th o u g h t  to  c o n t a i n  a t r a c e  o f  d i e t h y l  N - o - e t h y l -  
p h e n y lp h o s p h o ra m id a te ,  on th e  b a s i s  o f  g . l . c .  e x a m in a t io n ,  
b u t  t h i s  c o u ld  n o t  be o b t a in e d  in  s u f f i c i e n t  p u r i t y  f o r  
a p o s i t i v e  i d e n t i f i c a t i o n .  T here  was no e v id e n c e  f o r  
th e  p re s e n c e  o f  N, 2 - d i e t h y l a n i l i n e ,  i n d o l in e  o r  
2 - p r o p io n y I p y r id in e  i n  any o f  th e  f r a c t i o n s  c o l l e c t e d .
By a n a lo g y  w i th  th e  r e a c t i o n  o f  o - n i t r o s o t o l u e n e  
w i th  t r i e t h y l  p h o s p h i t e ,  i t  was e x p e c te d  t h a t  one o f  
th e  t r a c e  p r o d u c t s  o f  th e  r e a c t i o n  o f  o - e t h y l n i t r o s o -  
ben zen e  w i th  t r i e t h y l  p h o s p h i t e  would be th e  c o r re s p o n d ­
in g  a n i l ,  H - o - e th y lp h e n y l - 2 - p r o p io n im i d y lp y r id i n e .  
A c c o rd in g ly ,  2 - p r o p io n y I p y r id in e  (5 g . , 37 m. m ole) 
b . p .  1 1 0 -1 1 2 ° A 4  mm., ( l i t . “ °^  7 1 -7 2 ° /5  mm,), p r e p a r e d
from  2 -c y a n o p y r id in e  and e thyIm agnesium  io d id e  by  th e
206m ethod o f  Da F o rge  , was h e a te d  u n d e r  r e f l u x  w i th  
o - e t h y l a n i l i n e  (5 g#, 4 l  m. mole) i n  th e  p r e s e n c e  o f  
z in c  c h l o r i d e  f o r  2 h o u r s .  D i s t i l l a t i o n  o f  th e  r e a c t i o n  
m ix tu re  gave N—o - e t h y I p h e n y l - 2 - p r o p i o n i m i d y lp y r id i n e
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(2 .1 7  g *5 9 .1  m* m ole , 25 $ ) , b .p*  100-102  / O . 01 mm.
(Found: 0 , 8 0 .3 ;  H ,7*5; N, 1 1 .6 .  ^ 16^ 18^2 ^ ^ ^ u l r o s
0 , 8 0 . 6 ; H, 7*6; N, 1 1 .8  $ ) .  The i . r .  sp ec tru m  showed 
Vv«ov* (G=N), 1635 The n .m . r .  sp ec tru m  ( d e u t e r o -Iu3--X
c h lo ro fo rm )  showed Ar • and 'N :C ' GHgOE^, o v e r ­
l a p p in g  t r i p l e t s ,  6h , T -  8 .8 0  and 8 .9 2 ;  Ar-OHpOH^ andg D
•N :0‘0H^0H^, o v e r la p p in g  q u a r t e t s ,  4H, T =  7*15 and 7*50, 
and a com plex m u l t i p l e t ,  8H, 1 .3 - 3 * 4s* s i m i l a r  to  t h a t  i n
t h e  sp ec tru m  o f  N -£ -1 o ly  1 - 2 * « ao o tim id y Ip y r id in e .
An e x a m in a t io n  o f  th e  o r i g i n a l  r e a c t i o n  m ix tu re  o f
th e  r e a c t i o n  o f  o - e th y ln i t r o s o b e n z e n e  and t r i o t h y l
p h o s p h i te  i n  b enzene  by g . l . c . - i . r .  c o l l e c t i o n  and
a n a l y s i s  showed one o f  th e  m inor p r o d u c ts  to  be t h i s
a n i l ,  N -£- e t h y l p h e n y l -  2 -p ro p  ion  im id y lp y r  iô .ine  (5 $ ) ,
bjr com pariso n  o f  th e  i . r .  s p e c t r a  and g . l . c .  r e t e n t i o n
tim e  w i th  th o s e  o f  th e  a u t h e n t i c  sam ple .
The e x p e r im e n t  was r e p e a t e d  in  t;ie  p r e s e n c e  o f
t r i e t h y l  N -£ -o th y Ip h e n j^ lp h o sp h o r im id a te .  A s o l u t i o n  o f
£ - e th y I n  i  t r o  so b en zone ( l . 35 g . , 10 m. m ole) i n  b en zen e
(15 m l .)  '^Vas added s lo w ly  to  a s o l u t i o n  o f  t r i e t h y l
p h o s p h i te  ( I .66  g . , 10 m. m ole) and t r i e t h y l  g - £ - e t h y l -
p h e n y lp h o s p h o r im id a te  (5*70 g . , 20 m. mole) in  benzene
(20  m l . ) .  The r e a c t i o n  m ix tu re  'vas a n a ly s e d  as  b e f o r e :
two p r o d u c t s  were i s o l a t e d  by ch ro m ato g raphy  on a lu m in a
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and i d e n t i f i e d  a s  2 , 2 * -d ie t l iy la z o x y b 0n zen e  ( o . 5 9  g* ,
2c3 m ole , 4-6$) and d i e t h y l  g - o - e  th y  Ip h en y  Ipho  s p h o r -  
am id a te  (4*64 g* , 17 m. m ole , 8 5 $ ) ,  by  a co m p ar iso n  
w i th  a u t h e n t i c  s a m p le s .  E x am in a tio n  o f  t h e  r e a c t i o n  
by  g . l . c .  showed t h a t  th e  a n i l  was p r e s e n t  in  s i m i l a r  
y i e l d  to  t h a t  d e s c r i b e d  p r e v i o u s l y .
(b) R e a c t io n  in  t r i e t h y l  p h o s p h a te  s o l u t i o n ,  w i th  
a l a r g e  e x c e s s  o f  t r i e t h y l  p h o s p h i t e .  A s o l u t i o n  o f  
o - e th y l n i t r o s o b e n z e n e  ( 5 .0  g . , 37 m. m ole) i n  t r i e t h y l  
p h o sp h a te  ( l5  m l . )  was added  in  sm a l l  p o r t i o n s  to  t r i e t h y l  
p h o s p h i t e  (35 m l . )  a t  0 ° .  A v ig o ro u s  e x o th e rm ic  
r e a c t i o n  to o k  p l a c e  as  b e f o r e  to  g iv e  th e  a n i l ,  
g - £ - e t h y l p h e n y l - 2- p r o p io n im id y lp 5?'rid.ine ( c a .  1 9 $ ) ,  
t r i e t h y l  g - o - e th y I p h e n y I p h o s p h o r im id a te  ( c a .  2 0 .5 $ ) ,  
d i e t h y l  g - o - e th y Ip h e n y Ip h o  sp h o ra m id a te  (9*1$) and 
2 , 2 * -d ie th y la z o x y b e n z e n 0  ( 7 $ ) .  The i s o l a t i o n  o f  t h e s e  
p r o d u c t s  was a s  d e s c r i b e d  i n  t h e  p r e v io u s  e x p e r im e n t ,  
and i d e n t i f i c a t i o n  was by com parison% of t h e i r  i . r .  and 
n . m . r .  s p e c t r a  w i th  th o s e  o f  a u t h e n t i c  s a m p le s .
R e a c t io n  o f  n - n i t r o t o l u e n e  w i th  t r i e t h y l  p h o s p h i t e .
A s o l u t i o n  o f  o - n i t r o t o l u e n e  (27*4 g* , 200 m. m ole) 
in  t r i e t h y l  p h o s p h i t e  ( l3 3  g*, 800 m. m ole) was h e a te d  
u n d e r  r e f l u x  f o r  17 h o u r s .  A f t e r  rem oval o f  th e  e x c e s s  
o f  t r i e t h y l  p h o s p h i t e ,  and t r i e t h y l  p h o s p h a te ,  u n d e r
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re d u c e d  p r e s s u r e ,  th e  b l a c k  v i s c o u s  r e s i d u e  was 
d i s t i l l e d  to  g iv e  a c l e a r  d i s t i l l a t e  (25*5 g*) and 
an i n v o l a t i l e  t a r  (14*9 g*) The d i s t i l l a t e  was 
d i l u t e d  w i th  e t h e r  and e x t r a c t e d  w i th  2 N -h y d ro c h io r ic  
a c id  (3 X 50 m l* ) .  The a c i d i c  e x t r a c t  was made 
a l k a l i n e  w i th  s o l i d  sodium h y d ro x id e ,  e x t r a c t e d  w i th  
e t h e r ,  and th e  e t h e r e a l  e x t r a c t  i n  t u r n  e x t r a c t e d  w i th  
a c i d .  A f t e r  f u r t h e r  n e u t r a l i s a t i o n  and e x t r a c t i o n  w i th  
e t h e r ,  th e  f i n a l  e t h e r e a l  s o l u t i o n  was c o n c e n t r a t e d ,  
and s u b j e c t e d  to  ch ro m a to g rap h y  on a lu m in a .  E l u t io n  
w i th  1 :1  m e th a n o 1 -e th e r  g av e , a f t e r  d i s t i l l a t i o n ,  
d i e t h y l  2 -m e th y l-3 H -a z e p in -7 ~ y Ip h o s p h o n a te  (4#0 g * ,
17 m. m ole , 8.57^), b . p .  1 1 5 - 1 2 0 ° /0 ,02 ram. ( l l t , ^ ° °  
1 2 5 -1 3 0 ° /0 .0 3  mm.), n^*^1.5040. The i . r .  said n . m . r .  
s p e c t r a  were a s  d e s c r i b e d  f o r  t h i s  compound^^^ and a r e  
d i s c u s s e d  b r i e f l y  i n  th e  n e x t  c h a p te r .
The n e u t r a l  f r a c t i o n  o f  th e  o r i g i n a l  d i s t i l l a t e  
was r e d i s t i l l e d .  W e ll- fo rm e d  c r y s t a l s  o f  d i e t h y l  
S r  o- 1o1y Ipho spho ram i d a t e  ( f i n a l  y i e l d  1 2 .1  g . ,  50 m. m ole , 
2 5 $ ) ,  m .p . 9 3 -9 4 ° ,  ( l i t 95° ) ,  s lo w ly  s e p a r a t e d  o u t  
from  th e  y e l lo w  d i s t i l l a t e ,  i d e n t i f i e d  a s  d i e t h y l  
N - e th y l - g - o - to ly lp h o s p h o r a m id a te  (6 .9  g . ,  27 m. m ole, 
13 *5$ ), >*p* 1 1 0 -1 1 5 ° /0 .0 1  mm. ( l i t . ^ ^ ^  1 2 0 -1 3 0 ° /
0 .0 3  mm.), by  co m p ar iso n  w i th  an a u t h e n t i c  sam p le .
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The n .m .r*  sp ec tru m  and g * l .c *  a n a l y s i s  o f  th e  n e u t r a l  
f r a c t i o n  showed t h a t  th e s e  were th e  o n ly  two components* 
Under t h e s e  c o n d i t i o n s ,  t h e r e  was no e v id e n c e  f o r  th e  
p r e s e n c e  o f  t r i e t h y l  N - o - to ly lp h o s p h o r im id a te  i n  th e  
f i n a l  r e a c t i o n  m ix tu re*
R e a c t io n  o f  o - n i t r o t o l u e n e  w i th  t r i m e t h y l  p h o s p h i te *  
A s o l u t i o n  o f  o - n i t r o t o l u e n e  (2 7 -4  g - ,  200 m* m ole) i n  
t r i m e t h y l  p h o s p h i t e  ( l 24 g* , 1000 m* m ole) was h e a te d  
u n d e r  r e f l u x  f o r  14 h o u r s ,  d u r in g  w hich  th e  c o lo u r  o f  
th e  s o l u t i o n  d a rk e n e d  s t e a d i l y *  D i s t i l l a t i o n  o f  th e  
r e a c t i o n  m ix tu re  gave a low b o i l i n g  f r a c t i o n  ( l 0 6 * l g*) ,  
b*p* 2 0 -8 5 ° /1 4  mm*, a h ig h  b o i l i n g  f r a c t i o n  (22*4 g . ) , 
b*p* 5 7 -1 1 2 ° / 0 . 02 mm#, and an i n t r a c t a b l e  t a r  ( 6 .6  g . )* 
The low b o i l i n g  f r a c t i o n s  were r e d i s t i l l e d  to  g iv e  
t r i m e t h y l  p h o s p h a te  (ca* 5 7 .1  g* , 408 m. m ole , 4 l$ ) ?  
b . p .  8 l ° / l 4  mm,, ( l i t . 7 9 ° / l 2  mm.), d im e th y l  m e th y l -  
p h o sp h o n a te  ( c a .  3 8 .6  g . , 311 m. m ole , 3 1 $ ) , b .p*  7 0 ^
n ”7A14 mm., ( l i t .  6 7 ° / l 2  mm.), and unchanged  o - n i t r o ­
to lu e n e  ( 8 .7  g-s  6 3 .5  m, m ole , 3 ^ ) >  i d e n t i f i e d  by 
co m p ariso n  o f  t h e i r  i . r *  and n . m . r .  s p e c t r a  w i th  th o s e  
o f  a u t h e n t i c  s a m p le s .  The y i e l d s  o f  e a c h  were d e t e r ­
m ined by g . l . c .  and n . m . r .  a n a ly s e s .
The h ig h  b o i l i n g  f r a c t i o n  was d i l u t e d  w i th  e t h e r  
and e x t r a c t e d  w i th  w a te r .  Removal o f  th e  w a te r  u n d e r
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r e d u c e d  p r e s s u r e  ând r e d i s t i l l a t i o n  o f  th e  r e s i d u a l  
o i l  gave d im e th y l  2 -m ethy l-3H [-azen i n - 7 - y l n h o s p h o n a te  
( 5 .2 4  go , 2 4 .4  m* m ole , 17*8$ b a s e d  on r e a c t e d  o - n i t r o ­
t o l u e n e ) ,  b . p ,  1 0 5 ° /0 *04 mm. (Found; 0 , 5 0 .1 ;  H, 6 .8 ;
N, 6 . 4 5 * NFO^ r e q u i r e s  G, 5 0 .2 ;  H, 6 .5 ;  N, 6 .5  % )c
The i . r .  and n . m . r .  s p e c t r a ,  upon which t h i s  a s s ig n m e n t 
o f  s t r u c t u r e  d e p e n d s ,  a r e  d e s c r i b e d  in  th e  n e x t  chap ­
t e r .
The m ain component o f  th e  h ig h  b o i l i n g  f r a c t i o n  
was d im e th y l  N -m e th y l -N -o - to ly lp h o s p h o ra m id a te  ( 9 .4  g , ,
4 1 *0 m. m ole , 30$  b a s e d  on r e a c t e d  o - n i t r o t o l u e n e ) ,  
b . p .  9 0 - 9 5 ° /0 . 03 mm., i d e n t i f i e d  by co m p ariso n  w i th  an 
a u t h e n t i c  sam p le . E x am in a tio n  o f  th e  f r a c t i o n  by  g . l . c .  
and by i . r .  a n a l y s i s  showed t h a t  d im e th y l  o - t o l y l -  
p h o sp h o ra m id a te  "vas a l s o  p r e s e n t  i n  sm a ll  y i e l d ,  A 
few c r y s t a l s  o f  t h i s  compound ( l . 5 5  g#, 7*2 m. m ole,
5*3^ b a s e d  on r e a c t e d  o - n i t r o t o l u e n e ) ,  m .p . 109°, 
s e p a r a t e d  o u t  from  th e  y e l lo w  o i l  on s t a n d i n g .
No o t h e r  p r o d u c t s  were i n d i c a t e d  by g . l . c .  a n a l y s i s
(2!? Q . F . - l  a t  150- 220° ) .
R e a c t io n  o f  g - e t h y l n i t r o b e n z e n e  w i th  t r i e  t h y l  
p h o s p h i t e .  A s o l u t i o n  o f  o ^ e th y ln i t r o b e n z e n e  (6 .0 4  g . ,
4 0 .0  m. m ole) i n  t r i e t h y l  p h o s p h i t e  ( 2 6 .60  g . , I 60 rn. m ole) 
was h e a te d  u n d e r  r e f l u x  f o r  14 h o u r s .  A f t e r  rem ova l o f
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t r i e t h y l  p h o s p h i t e  and p h o sp h a te  u n d e r  r e d u c e d  p r e s s u r e ,  
t h e  d a rk  v i s c o u s  r e s i d u e  was d i lu te d ,  w i th  e t h e r  and 
e x t r a c t e d  w i th  2 N -h y d ro c h lo r ic  a c id  (3 x 20 m l . ) .  The 
a c i d i c  e x t r a c t ,  on b e in g  made a l k a l i n e ,  gave a d a rk  o i l  
w hich  was e x t r a c t e d  w i th  e t h e r .  A f t e r  t h i s  e x t r a c t  had  
b een  d r i e d  o v e r  c a lc iu m  c h l o r i d e ,  i t  was c o n c e n t r a t e d  
and ch ro m a to g rap h ed  o v e r  a lu m in a .  E l u t io n  w i th  1 ;1  
m e t h a n o l - e th e r ,  f o l lo w e d  'by d i s t i l l a t i o n ,  gave d i e t h y l
2- G th y l -3 H -a z e p  i n - 7-y Ip h o  sp h o n a te  ( 0 .7 5  g# , 2 .9 2  ra. m ole, 
7 .3% ) ,  b . p .  103° / 0 .0 2  mm, 1 2 0 -1 3 0 ° /0 .0 3  mm.),
n ^  1 . 5066 , a s  a s t a b l e  y e l lo w  o i l .  The i . r .  and n .m . r .  
s p e c t r a  were a s  d e s c r i b e d  f o r  t h i s  compound and a re  
d i s c u s s e d  b r i e f l y  i n  th e  f o l lo w in g  c h a p te r .
The n e u t r a l  f r a c t i o n  was a n a ly s e d  a s  b e f o r e ,  and 
was shown to  be a  m ix tu re  o f  d i e t h y l  N - e th y l - N ~ o - e th y l -  
p h e n y lp h o sp h o ra m id a te  ( l . l 2 g . , 3 .8 8  m. m ole , 9 *7$ ) y 
b . p .  IO I - IO 3V 0 .0 5  mm. 9 2 -9 U ° /0 .0 3  mm.), and
d i e t h y l  N -o -e  th y Ip h e n y Ip h o  sp h o r  am i d a t e  ( 2 .3 9  g . , 9 . 3  m. 
m o le , 23 . 3^ ) ,  m .p . 100- 101°  ( l i t . ^ ° °  103- 105° ) ,  by 
co m p ariso n  o f  th e  i . r .  and n . m . r .  s p e c t r a  w i th  th o s e  o f  
a u t h e n t i c  s a m p le s .  As b e f o r e ,  t h e r e  was an i n v o l a t i l e  
t a r r y  r e s i d u e  ( 2#72  g . )  w hich  c o u ld  n o t  be c h a r a c t e r ­
i s e d  f u r t h e r .
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R e a c t io n  o f  n - e th y l n i t r o b e n z e n e  w i th  t r i e t h y l  
pho s p h i t e .  A s o l u t i o n  o f  p - e th y l n i t r o h e n z e i i e  ( 1 5 .1 0  g*, 
100 m. m ole) in  t r i e t h y l  p h o s p h i te  (6 6 .5  g . » 400 m. mole) 
was h e a te d  u n d e r  r e f l u x  f o r  14 h o u r s .  A l i q u i d - a i r  
c o l d - t r a p  was u s e d  a s  d e s c r ib e d  e a r l i e r  to  c o l l e c t  any 
v o l a t i l e  p r o d u c t s  o f  th e  r e a c t i o n .  D u r in g  th e  c o u r s e  o f  
th e  r e a c t i o n ,  a c o l o u r l e s s  s o l i d ,  a t  - 1 8 0 ° ,  c o l l e c t e d  
i n  th e  c o ld  t r a p :  t h i s  was sh o rn  by  f r a c t i o n a l  d i s t i l ­
l a t i o n  and v a p o u r -p h a s e  i . r .  s p e c t r a  to  be p u re  e th y ­
l e n e  ( o . 70 g . , 25 m. m ole) by co m p ariso n  w i th  an a u t h e n t i c  
sam ple and w i th  p u b l i s h e d  s p e c t r a ,
A f t e r  rem ov a l o f  th e  e x c e s s  o f  t r i e t h y l  p h o s p h i t e  
and o t h e r  v o l a t i l e  p r o d u c t s  ( 5 5 .3  g . )  u n d e r  re d u c e d  
p r e s s u r e ,  b . p .  4 5 - 9 5 ° / l 4  mm., th e  b la c k  r e s i d u e  was 
d i s t i l l e d  f u r t h e r  to  g iv e  a c l e a r  o ra n g e  d i s t i l l a t e  
(1 6 .1 0  g . ) ,  b . p .  4 0 - 1 2 0 ° /0 .0 2  mm,, and a b l a c k  i n v o l a t i l e  
t a r  (8 .2 5  g . ) .  A p r e l i m i n a r y  g . l . c .  e x a m in a t io n  o f  th e  
d i s t i l l a t e s  i n d i c a t e d  t h a t  th e  low er b o i l i n g  f r a c t i o n  
h ad  one m a jo r  com ponent o t h e r  th a n  t r i e t h y l  p h o s p h i t e  
and p h o s p h a te ,  and t h a t  th e  h i g h e r  b o i l i n g  f r a c t i o n  
c o n s i s t e d  o f  d i e t h y l  H -e th y 1 -N -p -e th y Ip h e n y Ip h o sp h o ra m i­
d a te  and d i e t h y l  N -p -e th y Ip h e n y Ip h o s p h o ra m id a te ,  t o g e t h e r  
w i th  an u n e x p e c te d  new p ro d u c t  i n  l e s s e r  am ount. Two 
p r o d u c t s  in  sm a l l  y i e l d  ( l e s s  th a n  1C$) w i th  r e l a t i v e l y
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lo n g  g . l . c *  r e t e n t i o n  t im e s  ( 20-25  m in e . ,  3$  Q . F . - l . , 
210° )  were n o t  c h a r a c t e r i s e d  f u r t h e r .  A h ig h  b o i l i n g  
p r o d u c t  i n  s m a l l  y i e l d  o n ly  was th o u g h t  to  be th e  
c o r r e s p o n d in g  a z e p in e :  t h i s  was l a t e r  c o n f irm e d .
P rep  a r a t  i v e - s c  a l e  g . l . c .  l e d  to  th e  i s o l a t i o n  o f  
f o u r  o f  th e s e  compounds. The lo w er b o i l i n g  f r a c t i o n  
was shown to  c o n t a i n  N ,N ,4- " t r i e t h y l a n i l i n e  a s  a c o lo u r ­
l e s s  o i l  i d e n t i f i e d  by co m p ariso n  w i th  an a u t h e n t i c  
s a m p l e , t o g e t h e r  w i th  t r i e t h y l  p h o s p h i t e  and t r i e t h y l  
p h o s p h a te .  The n . m . r .  sp ec tru m  (d e u te ro c h lo ro fo r m )  
showed A r ' GHgOH^ and N-GHgOH^, o v e r la p p in g  t r i p l e t s ,  9H, 
8 .8  and 8 .9 ;  Ar^GHgOHv^, q u a r t e t ,  2H, 7 .4 5 ;
N-GH2GH3 , q u a r t e t ,  4H, %= 6 . 6 9 ; and a r o m a t ic ,  two 
d o u b l e t s ,  4 H , 2. 95 and 3*39.
The u n e x p e c te d  p r o d u c t ,  a  y e l lo w  o i l ,  was shown to  
be  d i e t h y l  p - e  th y Ip h e n y Ip h o  sphon a t e  by co m p ar iso n  w i th  
an a u t h e n t i c  sam p le , and w i th  p u b l i s h e d  d a t a . ^ ^ ^  The 
i . r .  sp ec tru m  showed (P « 0 ) ,  1250; (P -O -B t) ,  970,
1020- 1055 , 1165  om"^. The n . m . r .  sp ec tru m  (c a rb o n  
t e t r a c h l o r i d e )  showed At’GH2GH^ and P ' OGE^GH^, o v e r ­
l a p p i n g  t r i p l e t s ,  9H, T = 8 .7  and 8 .7 5 ;  ArGEgGE^, q u a r t e t ,  
2E, %=: 7 .3 0 ;  p . OGEgGE^, q u i n t e t ,  4E, % = 5*90; and 
a r o m a t i c ,  m u l t i p l e t ,  4E, %= 2 .0 5 -2 .8 5 #
Tlie two m a jo r  p r o d u c t s  were c o n f irm e d  as  d i e t h y l
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g - e  t  hy e th y  Ip h e n y  Ipho  splio ram i d a t e  and d i e t h y l
g y p -  e th y  Ip h en y  Ipho  spho r  am i  d a t  e "by co m p ariso n  o f  t h e i r  
i . r .  and n .m . r .  s p e c t r a  w i th  th o s e  o f  a u t h e n t i c  s a m p le s .  
The s u s p e c te d  a z e p in e  and o t h e r  h ig h e r  b o i l i n g  p r o d u c t s  
were e i t h e r  to o  i n v o l a t i l e  o r  to o  u n s t a b l e  to  be 
i s o l a t e d  by p r e p a r a t i v e - s c a l e  g . l . c .  u n d e r  th e s e  
c o n d i t i o n s  (lO$ A .P .L .  a t  2 1 0 ° ) .
The o r i g i n a l  d i s t i l l a t e ,  now Imovm to  c o n t a in  
t h e s e  compounds, t o g e t h e r  w i th  t r i e t h y l  p h o s p h i t e  and 
p h o s p h a te ,  was exam ined  by n . m . r .  and i . r .  s p e c t r o s c o p y .  
T here  was no e v id e n c e  f o r  th e  p r e s e n c e  o f  t r i e t h y l  
N -p -e th y Ip h e n y lp h o s p h o r im id a te ;  d i e t h y l  g - e t h y l - g - p -  
e th y  Ip h en y  Ipho sp h o r  am id a te  was however shown by n . m . r .  
s p e c t r o s c o p y  to  be  p r e s e n t  as  a m a jo r  com ponent, p r i o r  
to  any p o s s i b l e  r e a r r a n g e m e n t  on th e  g . l . c .  colum n.
T o ta l  y i e l d s  o f  th e  v a r io u s  com ponents were d e te rm in e d  
by  c a l c u l a t i o n  from  th e  n . m . r .  s p e c t r a  o f  th e  m ix tu r e s ;  
by  s low  d i s t i l l a t i o n  i n t o  r e l a t i v e l y  p u re  sam ples  
(c o m p le te  f r a c t i o n a t i o n  b e in g  im p o s s ib l e ) ;  and by 
g . l . c .  a n a l y s i s  w i th  an i n t e r n a l  s t a n d a r d  ( t r a n s - s t i l -  
b e n e ) .  R easo n a b le  ag reem en t was r e a c h e d  be tw een  th e s e  
d i f f e r e n t  m e th o d s .
The y i e l d s ,  b a s e d  on p - e t h y l n i t r o b e n z e n e  (lOO
m. mole) w e r e d i e t h y l  p -e th y Ip h e n y Ip h o s p h o n a te
98
( 5- 7$ ) ,  d i e t h y l  g - p - e t h y Ip h e n y Ip lio sp h o ra m id a te  ( 20- 26$ ) ,  
and d i e t h y l  g - e  th y  l - g - p - e  th y  Ip heny  Ipho  spho ram i d a t e  
( 21- 23$ ) •  The a z e p in e ,  d i e t h y l  4 - e t h y l - 3 g - a z e p i n -  
7 - y  Ipho  s p h o n a te ,  was n o t  i s o l a t e d  in  a p u re  fo rm , h u t  
was shovm to  he p r e s e n t  ( c a .  3$ )  hy co m p ariso n  o f  th e  
n . m . r .  sp e c tru m  o f  th e  f i n a l  d i s t i l l a t i o n  f r a c t i o n  
( h .p .  120- 125° / 0*02 mm.) w i th  t h a t  o f  th e  a z e p in e  
d im e th y l  4 -iQG t h y l -  3H- azep  i n -  7- y  Ipho  sp h o n a t  e , i s o l a t e d  
i n  a l a t e r  ex p e rim en t*
The low er b o i l i n g  f r a c t i o n  c o n s i s t e d  o f  t r i e t h y l  
p h o s p h i t e  ( l 3*3 g#^ 80 m. m ole , 20$ ) ,  t r i e t h y l  p h o s p h a te  
( 3 7 .2  g . , 220 m. m ole , 52$ )  and g , g , 4 - t r * i e t h y l a n i l i n e  
(1 .8 0  g . , 10 m. m ole , 10$0 •
R e a c t io n  o f  n - n i t r o t o l u e n e  w i th  t r i e t h y l  p h o s p h i t e &
As in  th e  p r e v io u s  e x p e r im e n t ,  p - n i t r o t o l u e n e  (1 3 . 7  g . ,
100  m. m ole) and t r i e t h y l  p h o s p h i t e  (6 6 .5 0  g . , 400  m. m ole) 
g av e , a f t e r  14 h o u r s  u n d e r  r e f l u x ,  e th y le n e  (o*55 g , ,
20 m. m o le ) ,  d i e t h y l  p - to ly I p h o s p h o n a te  ( 5$ )  d i e t h y l  
g - e  t h y l - g - p - t o l y l p h o  spho r  am i d a t e  ( 24$ ) ,  and d i e t h y l  
g - p -1 o ly I p h o  spho ram i  d a te  (2 6 $ ) ,  i d e n t i f i c a t i o n  b e in g  
a c h ie v e d  by co m p ar iso n  o f  th e  i . r .  and n . m . r .  s p e c t r a  
w i th  th o s e  o f  a u t h e n t i c  s a m p le s .  The a z e p in e ,  d i e t h y l  
4 -m e th y l -3 H -a z e p i n - 7 - y l p h o sp h o n a te  (6$) was a g a in  th o u g h t  
to  be p r e s e n t  from  n . m . r .  s p e c t r a l  e v id e n c e :  i t  c o u ld
99
n o t  however^ *be i s o l a t e d  i n  a p iire  s t a t e *  A tte m p ts  to  
e x t r a c t  i t  from  th e  z^eaction  m ix tu re  f a i l e d  to  s e p a r a t e  
i t  from  th e  o t h e r  b a s i c  m a t e r i a l s *  P r e p a r a t i v e  s c a l e  
g o l .c *  f a i l e d  to  g iv e  a f r a c t i o n  c o r r e s p o n d in g  to  t h i s  
compound*
The C O Id - tra p  c o n d e n s a te ,  l a r g e l y  e t h y l e n e ,  was 
exam ined hy i * r ,  s p e c t r o s c o p y  f o r  th e  p r e s e n c e  o f  
e t h y l  n i t r i t e :  no e v id e n c e  f o r  th e  p r e s e n c e  o f  t h i s  
compound was found*
The e x p e r im e n t  was r e p e a t e d  i n  th e  d a rk  a t  150^, 
and i n  th e  p r e s e n c e  o f  u*v* l i g h t  a t  10^ , to  d e te rm in e  
th e  e f f e c t  o f  l i g h t  upon th e  r e a c t io n *  A 1 0 :1  e x c e s s  
o f  t r i e t h y l  p h o s p h i t e  was u s e d  i n  b o th  ca se s*
In  th e  d a r k ,  g* l*c*  a n a l y s i s  showed t h a t  th e  
r e a c t i o n  h ad  f o l lo w e d  th e  same p a t h  as  b e f o r e ,  g i v i n g  
th e  same p r o d u c t s  i n  s i m i l a r  y i e l d s .  The y i e l d  o f  
d i e t h y l  p - 1 o ly lp h o s p h o n a t e , i n  p a r t i c u l a r ,  was n o t  
a f f e c t e d  by  t h e s e  c o n d i t io n s *
In  th e  p r e s e n c e  o f  u .v*  l i g h t  from  th e  "H anovla" 
lamp d e s c r ib e d  e a r l i e r  ( i n  th e  p r e p a r a t i o n  o f  d i a l k y l  
a ry lp h o s p h o n a te s )  a t  10^ f o r  18 h o u r s ,  th e  r e a c t i o n  
fo l lo w e d  a d i f f e r e n t  p a t h .  P r e p a r a t i v e - s c a l e  g . l . c *  on 
a c o n c e n t r a t e d  f r a c t i o n  o f  th e  r e a c t i o n  m ix tu re  showed 
t h r e e  m ain c o m p o n e n ts : -  unchanged  p - n i t r o t o l u e n e ,
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d i e t h y l  g - p - t o ly l p h o s p h o r a m i d a t e ,  and an o ran g e  
c r y s t a l l i n e  s o l i d ,  m.p« Tlie n«m *r. sp ec tru m
( d e u te ro c h lo ro fo r m )  o f  th e  l a t t e r  compound showed a 
s i n g l e t  ( ? ) ,  T  = 7*6 and an o v e r la p p in g  d o u b l e t ,  7*7?- 
(«T"ir9 c / s )  ; and a r o m a t ic ,  two d o u b l e t s ,  T -  2 .1  and 3*4 
( J c / s )  * The o v e r a l l  i n t e g r a l  was ca* 5H:8H* The
i . r . sp e c tru m  showed a s h a rp  a b s o r p t io n  a t  2215 cm 
T h is  p r o d u c t  was n o t  c h a r a c t e r i s e d  f u r t h e r *  T here  was 
no e v id e n c e  f o r  th e  fo r m a t io n  o f  d i e t h y l  p - t o l y l p h o s -  
p h o n a te  *
R e a c t io n  o f  n -^ n i t r o to lu e n e  w i th  t r i m e t h y l  p h o s p h i t e  * 
p - R i t r o t o l u e n e  (27*4 g * , 200 m* mole) and t r i m e t h y l  
p h o s p h i t e  ( l2 4  g , , 1000 m* m ole) were h e a t e d  t o g e t h e r  
u n d e r  r e f l u x  f o r  14 h o u r s .  D i s t i l l a t i o n  o f  t h i s  r e a c t i o n  
m ix tu re  u n d e r  re d u c e d  p r e s s u r e  gave a low  b o i l i n g  
f r a c t i o n  ( l2 0 * 2  g*) ,  b . p .  2 0 - 9 0 ° / l 4  mm. ;  a h ig h  b o i l i n g  
f r a c t i o n  ( l5 # 1 3  g . ) ,  b . p .  50 -1 10^ /0*0 1  mm., and a t a r  
(1 0 .9 6  g . ) .
The l o w  b o i l i n g  f r a c t i o n  was s h o w  by d i s t i l l a t i o n  
and by g . l . c .  a n a l y s i s  to  be a m ix tu re  o f  t r i m e t h y l  
p h o s p h a te  ( c a .  63*3 g.g 452 m. m ole, 4 5 / ) ,  d im e th y l  
m e th y lp h o sp h o n a te  ( c a .  4 1 .7  g* , 336 m. m ole , 3 4 / ) ,  
and  unch ang ed  p - n i t r o t o l u e n e  ( c a .  7*2 g . , 5 2 .6  m. m ole , 
26/ ) ,  by co m p ar iso n  o f  t h e i r  i . r .  and n . m . r .  s p e c t r a
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w ith  th o s e  o f  a u t h e n t i c  sam ples*
The h ig h  b o i l i n g  f r a c t i o n  was sh o rn  by  g . l . c .  
a n a l y s i s  to  c o n s i s t  o f  3 com ponents o n ly ,  two o f  which 
could, be i d e n t i f i e d  as  d im e tl iy l  g-me t h y l - N - p - t o  l y l ­
pho spho ram i da t e  and d im e th y l  g - p - t o  ly lp h o  s jphoram ida te , 
by  co m p ariso n  w i th  a u t h e n t i c  sam ples* The d i s t i l l a t e  
was d i l u t e d  w i th  e t h e r  and e x t r a c t e d  w i th  w a te r .  The 
unlmo\R/n component was shown by  g , l* c *  to  have  been  
e x t r a c t e d  c o m p le te ly  by  t h i s  m ethod. The w a te r  was 
removed unde?? re d u c e d  p r e s s u r e  to  g iv e  an a lm o s t  p u re  
sam ple o f  d im e th y l  /.i. - t h y  1 - 3 % ' - i n - 7 - y l n h o sp h o n a te  
(2*72 g * , 12*7 m* m ole , 8 , 6 / )  as  a y e l lo w  o i l*
Red i s t i l l â t io n  gave th e  a n a l y t i c a l  sam ple , b ,p *  1 1 0 ^ /  
0 .0 5  mm* (Pound: 0 ,  4 9 ,9 ;  H, 6 .4 ;  N, 6 . 5 ,  
r e q u i r e s  0 ,  5 0 .3 ;  H, 6*5; ITj 6*5 %), The compound 
d a rk e n e d  on e x p o su re  to  a i r  and a f t e r  6 h o u r s  c o u ld  no 
lo n g e r  be s a t i s f a c t o r i l y  an a ly sed *
The i *r *  sp e c tru m  showed : (P -O ), 1255; 
(p-O-M e), 1020-1050 , 1185 cm The n . m . r .  sp ec tru m
( d e u te r o c h lo r o f o r m ) , d i s c u s s e d  in  d e t a i l  i n  th e  n e x t  
c h a p te r ,  showed O-OH^, s i n g l e t ,  3H, %= 7 .7 4 ;  
d o u b le t ,  2H,IT = 7*44; P'OGH^, d o u b le t ,  6H, % = 6*2; and 
o ther--gH = O H -, m u l t i p l e t ,  3H, 2 . 6 - 3 . 8 .
The e t h e r e a l  s o l u t i o n  l e f t  a f t e r  th e  aciueous
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e x t r a c t i o n  was c o n c e n t r a t e d  and r e d i s t i l l e d  to  g iv e  a 
y e l lo w  o i l ,  b .p *  95-105*^/0#02 mm#, from  w hich  c o l o u r l e s s  
w e l l - fo rm e d  c r y s t a l s  s lo w ly  s e p a ra te d *  The c r y s t a l s  
were c o l l e c t e d  and shoim to  be d im e th y l  K - p - t o l y l ­
pho spho ram i da t e  ( l * 7  g*, 7*9 m* m ole , 3*k%)f m,p# 1 0 8 -  
109*^, w h ile  th e  o i l  was shown to  be d im e th y l  g - m e th y l -  
g - p - to ly lp h o s p h o r a m id a t e  (8*7 g# , 3 8 .0  m. m o le , 26/ ) ,
Id .p . 100° / 0 .1 5  mm., ( l i t .  1 0 0 - 1 0 1 ° /0 .1  mm.), by
co m p ar iso n  w i th  a u t h e n t i c  s a m p le s .
There  was no e v id e n c e  f o r  th e  p r e s e n c e  o f  t r i m e t h y l  
N - p - to ly lp h o s p h o r im id a t e  o r  d im e th y l  p - t o l 3r lp h o sp h o iia te  
i n  th e  d i s t i l l a t e  from  th e  r e a c t i o n  m ix tu re#
R e a c t io n  o f  j u - n i t r o to lu e n e  w i th  t r i e t h y l  p h o s p h i te #  
m -N i t ro to lu e n e  ( l 7 . 2 g* , 125 m. m ole) and t r i e t h y l  
p h o s p h i t e  (8 3 .0  g . , 500 m* m ole) were h e a te d  t o g e t h e r  
u n d e r  r e f l u x  f o r  14 h o u r s .  A g . l . c .  e x a m in a t io n  o f  th e  
r e a c t i o n  m ix tu re  showed 2 m ajo r p r o d u c t  p e a k s ,  c o r r e s ­
p o n d in g  to  d i e t h y l  g - e  th y 1 -g -m -1 o ly lp h o  spho ram i d a te  
( 22/ )  and d i e t h y l  g -m - to ly lp h o s p h o ra m id a te  ( 27/ ) .  T here  
was no e v id e n c e  f o r  anjr o t h e r  h ig h  b o i l i n g  p r o d u c t s  i n  
s i g n i f i c a n t  jT-ields.
R e a c t io n  o f  m - n i t r o t o l u e n e  w i th  t r i m e t h y l  p h o s p h i t e .  
m - R i t r o to lu e n e  ( l7 #  2 g* , 125 m* mole) and t r i m e t h y l  
p h o s p h i t e  (62*0  g . , 500 nu m ole) were h e a te d  t o g e t h e r
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u n d e r  r e f l u x  f o r  14 h o u rs#  A g . l . c #  e x a m in a t io n  o f  
th e  r e a c t i o n  m ix tu re  showed t h a t  im changed  m - n i t r o -  
to lu e n e  ( 28 /}  was th e  m a jo r  component# In  a d d i t i o n  t o  
t h i s ,  t h e r e  were two p r o d u c t s ,  w i th  r e t e n t i o n  t im e s  
c o r r e s p o n d in g  to  d im e th y l  g - m e th y l - g - m - to ly lp h o s p h o r -  
am id a te  ( 12°?) and d im e th y l  g -m - to ly lp h o s p h o ra m id a te  
( 8 * 5 / ) j and a f u r t h e r  two u n i d e n t i f i e d  p ro d u c ts #  T here  
was no e v id e n c e  f o r  th e  p r e s e n c e  o f  d im e th y l  m - t o l y l ­
pho sp h o n a te  #
A f t e r  rem oval o f  th e  low er b o i l i n g  m a t e r i a l s  u n d e r  
r e d u c e d  p r e s s u r e ,  th e  t a r r y  r e s id u e  was d i s t i l l e d  
f u r t h e r  to  g iv e  an o ra n g e  d i s t i l l a t e .  D eco m p o sit io n  o f  
th e  r e s i d u e  was o b s e rv e d  b e f o r e  t h i s  d i s t i l l a t i o n  c o u ld  
be  com pleted#  E x am in a t io n  o f  th e  d i s t i l l a t e  by  n .m .r#  
s p e c t r o s c o p y  s u g g e s te d  t h a t  t h e r e  m ig h t be two d i f f e r e n t  
a z e p in e s  p r e s e n t  i n  th e  m ix tu r e .  E x t r a c t i o n ,  a s  d e s c r ib e d  
p r e v i o u s l y ,  f a i l e d  to  g iv e  a f r a c t i o n  o f  s u f f i c i e n t  
p u r i t y  f o r  f u r t h e r  a n a ly s i s #
■Reaction o f  o - n i t r o a n i s o l e  w i th  t r i m e t h y l  p h o s -p h i te .  
o - R i t r o a n i s o l e  (19#14 S*9 125 m. mole) and t r i m e t h y l  
p h o s p h i t e  (6 2 .0  g . , 500 m. m ole) were h e a te d  t o g e t h e r  
u n d e r  r e f l u x  f o r  14 h o u r s .  A g . l . c .  e x a m in a t io n  o f  
th e  r e a c t i o n  m ix tu re  showed t h a t  u nch an ged  o - n i t r o -  
a n i s o l e  ( lO / )  re m a in e d  i n  th e  s o l u t i o n .  In  a d d i t i o n
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t h e r e  were i n d i c a t i o n s  o f  f o u r  m ajo r p r o d u c t s ,  
c o r r e s p o n d in g  to  d im e th y l  2 -m ethoxy pheny Iph osph ona te  
( 2 . 5^ ) ,  dime th y  1 F-me t  lu^l-g-o*^me th o x y p heny lpho  spho r -  
am id a te  ( 26??), d im o th jrl  g -p -m o th o x y p h e n y lp h o sp h o ra m id a te  
(12/ ) ,  and an u n i d e n t i f i e d  p r o d u c t ,  i n  lo^yor y ie ld #
R e a c t io n  o f  u - n i t r o a n i s o l e  w i th  t r i m e t h y l  p h o s n h i t e .  
p - H i t r o a n i s o l e  ( l 9 # l 4  S<>$ 125 nu mole) and t r i m e t h y l  
p h o s p h i t e  (8 5 .0  g*, 690  m, m ole) wore h e a t e d  u n d e r  r e f l u x  
f o r  14 hou rs*  A g . l . c #  e x a m in a t io n  o f  th e  r e a c t i o n  
m ix tu re  showed t h a t  unchanged  p - n i t r o a n i s o l e  ( 25/ )  
re m a in e d  in  th e  s o lu t io n #  In  a d d i t i o n  t h e r e  wore f o u r  
main p r o d u c t s ,  c o r r e s p o n d in g  to  d im e th y l  p -m o tho xy - 
phonyIpho  sp h o n a te  ( 3/ )  , d im e th y l  F -m eth j^ l-N -p -m ethoxy- 
p h e n y lp h o s p h o ra m id a te  ( 16/ ) ,  d im e th y l  F-p-m othox^rphenj^l- 
p h o sp h o r  am id a te  ( 13/ ) , and a compound th o u g h t  to  he th e  
c o r r o s p e n d in g  a z e p in e  (15/ ) #
D i s t i l l a t i o n  and e x t r a c t i o n  as  b e f o r e  c o n f irm e d  
th o s e  i d e n t i t i e s  and y i e l d s .  The a z e p in s ,  d im e th y l
4 - me th o x y -  3g- a sen  i n - 7 - y l r h o  s p h o n a te . b . p .  125-130*^/ •'
0 .0 5  mm o, c o u i d no t  be o b ta  in e d  in  o n a ly t  i c  a l  p u r  it^r ; 
th e  n . m. r #  sp ec tru m  how ever, p ro v e d  to  be s a t i s f a c to r y ^ .
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R e a c t io n  o f  n . -n l t ro a n i3 o l©  w i th  t r i e  t h y l  p h o s p h i t e .  
o - F i t r o a n i s o l o  ( l» 9 1  g . ^ 1 2 .5  m» mole) and t r i e t h y l  
p h o s p h i t e  ( 8 ,4  g . , 50 m, mole) were h e a te d  t o g e t h e r  
u n d e r  r e f l u x  f o r  14 h o u rs#  An attem%)t was made to  
exam ine th e  r e a c t i o n  m ix tu r e ,  hy g # l # c ,  f o r  th e  
p r e s e n c e  o f  d i e t h y l  p -m e th o x y p h e n y lp h o sp h o n a te # 
U n fo r tu n a te ly r ,  u n d e r  th e  g . l . c .  c o n d i t i o n s  u s e d  
(3fo Q .P .— l ,  2^ ' N .P .G .S . ,  3R: A .P .L . ,  1 6 5 -19 0°) a u t h e n t i c  
sam p les  o f  th e  pho s p h o n a te  and o f  d i e t h y l  g - e th y r l - F -  
p -m ethoxyqphenyIphosphoram idate  h ad  s i m i l a r  r e t e n t i o n  
t im e s ,  and i t  p ro v e d  im p o s s ib le  to  d i s t i n g u i s h  be tw een  
t h e s e  two p r o d u c t s .  ITo in f o r m a t io n  c o u ld ,  t h e r e f o r e ,  
be  o b ta in e d  from  t h i s  e x p e r im e n t .
R e a c t io n  o f  n - n i t r o a n l s o l e  w i th  t r i e t h y l  p h o s p h i t e .  
p - F i t r o a n i s o l e  ( l . 91 g # , 1 2 .5  m. mole) and t r i e t h y l  
p h o s p h i t e  ( 8 .4  g $ , 50 m. mole) were h e a te d  t o g e t h e r  
u n d e r  r e f l u x  f o r  14 h o u r s .  An e x a m in a t io n  o f  th e  
r e a c  t  io n  m ix tu re  by g . l . c .  showe d 4  p ro  due t  pe a k s , 
c o r r e s p o n d in g  to  d i e t h y l  p-me thox^;pheny Ipho  sp h o n a te  
( 6 .  (3? ) ,  d ie  th y  1 F -e  t h y  1-F-p-m e thoxyrphenylpho spho r  am id a te  
( 23/ ) ,  d i e t h y l  F -p -m e th o x y p h e n y lp h o sp h o ra m id a te  ( 16/ ) ,  
and  an u n i d e n t i f i e d  p r o d u c t  i n  low y rio ld .
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4# S p e c t r a l  D a ta
(a )  F u c l e a r  m a g n e t ic  r e so n a n c e  s p e c t r a
N.M.R. s p e c t r a  have  been  r e c o r d e d  a s  d e s c r i b e d  in  
t h e  p r e v io u s  s e c t i o n s .  In  g e n e r a l  th e  s p e c t r a  o b t a in e d  
a r e  as  e x p e c te d  f o r  t h e  compounds, and no f u r t h e r  
d i s c u s s i o n  i s  r e q u i r e d .  The p re s e n c e  o f  th e  p h o sp h o ru s  
atom in  many o f  th e  p r o d u c t s  i n v e s t i g a t e d  l e a d s  to  th e  
o b s e r v a t io n  o f  c h a r a c t e r i s t i c a l l y  l a r g e  c o u p l in g  con­
s t a n t s  be tw een  p h o sp h o ru s  and th e  n e ig h b o u r in g  p r o t o n s .  
The p r e s e n c e  o f  (I^OR) g ro u p s ,  i n  p a r t i c u l a r ,  i s  r e a d i l y  
d e t e c t a b l e  by b o th  n . m . r .  and  i . r .  s p e c tro s c o p y *
The s p e c t r a  r e l a t i n g  to  compounds c o n t a i n i n g  th e  
a z e p i n e - r i n g  sy s tem  do , how ever, r e q u i r e  f u r t h e r  d i s ­
c u s s io n  in  o r d e r  to  j u s t i f y  th e  f o r m u la t io n  o f  t h e s e  
compounds a s  d ia lk y r i  2- and 4 - a l k y l  ^ a z e p i n — 7-" 
y lp h o s p h o n a te s .  O th e r  s t r u c t u r a l  p ro b le m s  w i l l  th e n  
be c o n s id e r e d  in  t u r n ,  i n  th e  l i g h t  o f  n .m .r*  s p e c t r a l  
ev id en c e*
( i )  n .m .r*  s p e c t r a  o f  p r o d u c t s  c o n t a i n i n g  th e  a z e p in e -  
f i h g  system* P r i o r  to  t h i s  i n v e s t i g a t i o n ,  n . m . r .  s t u d i e s  
have  Deen r e p o r t e d  on a number o f  a z e p in e  sy s te m s , i n  
p a r t i c u l a r  on t h a t  a z e p in e  fo rm ed  by th e  d e c o m p o s i t io n  
o f  p h e n y l  a z id e  i n  th e  p r e s e n c e  o f  d i e th y la m in e  ;
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ÏTEtot
T h is  oompoxind was a l s o  i s o l a t e d  from  th e  d e o x y g e n a t io n  
o f  n i t r o b e n z e n e  by d i e t h y l  m e th y lp h o s p h o n i te ,  in  th e  
p r e s e n c e  o f  d i e t h y l a m i n e . I n  th e  r e a c t i o n s  con­
s i d e r e d  h e r e ,  how ever, t h e r e  i s  no b a s e  p r e s e n t  o t h e r  
th a n  th e  t e r v a l e n t  p h o sp h o ru s  compound u s e d  to  e f f e c t  
t h e  o r i g i n a l  d eo x y g e n a tio n *  The n .m . r .  s p e c t r a  o f  th e  
p r o d u c t s  o b t a in e d  from  th e  r e a c t i o n  o f  t r i e t h y l  p h o s­
p h i t e  w i th  £ - n i t r o t o l u e i i e  and o - e t h y l n i t r o b e n z e n e ,  u n d e r  
th e s e  c o n d i t i o n s ,  have been  c o n s id e r e d  in  d e t a i l  by 
T o d d f '° °
The p r o d u c t s  c o n t a i n i n g  th e  a z e p i n e - r i n g  now fo u n d  
i n  th e s e  r e a c t i o n s  p ro v e  to  be  i d e n t i c a l  w i th  th o s e  
d e s c r i b e d  and a r e —e x a m in a t io n  o f  th e  s p e c t r a l  e v id e n c e  
c o n f irm s  t h e i r  f o r m u la t io n  as  th e  d i a l k y l  2 - a l k y l  
3 H -u z e p in -7 -y lp h o s p h o n a te s :
k  R ' = Me, E t
P 0 (0 B t)2
The aze-plne from th e  r e a c t i o n  o f  o - n l t r o t o l u e i i e  w i th  
t r l e t h y l  p h o s p h i t e .  The n . m . r .  apec trhm  In  d e u t e r o -
c h lo ro fo rm  th e  r e l e v a n t  p r o d u c t  from  th e  r e a c t i o n
u :u ;;n?f5Zû!?c- î!:i;:
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o f  t r i e t h y l  p h o s p h i t e  w i th  o - n i t r o t o l u e n e  shows a 
s i n g l e t ,  3H, T ~  7*81; a q u i n t e t ,  IlH> T  == 5*85; and a 
t r i p l e t ,  6h , T =  8*66, w hich  may he a s s ig n e d  to  a t o l y l  
m e th y l g roup  and to  t -^ro e th o x y  g roups  a t t a c h e d  to  
ph osph o rus*  The r i n g  p r o to n s  a p p e a r  a s  a q u a r t e t ,  IH,
2* 98; a q u i n t e t ,  IH, Eg, T  = 3*60; a q u a r t e t ,  IE , 
Eqs X -  4*52; and a d o u b l e t ,  2H, IT = 7*46* Those
p a r t s  o f  th e  sp ec tru m  r e l a t i n g  to  t h i s  r i n g  sys tem  a rc  
shown o p p o s i t e ,  t o g e t h e r  w i th  th e  r e l e v a n t  p o r t i o n s  o f  
th e  s p e c t r a  from  th e  o t h e r  a z e p in e s  t h a t  have  been  
i s o l a t e d .
S c a le  e x p a n s io n  o f  th e  r e g io n  from  2*5 to  T  
= 5*0 r e v e a l s  t h a t  e a c h  o f  th e  p r o t o n s ,  and
i s  c o u p le d  to  some o t h e r  n u c l e u s ,  in  a d d i t i o n  to  th e  
a d j a c e n t  p r o t o n s .  The a d d i t i o n a l  c o u p l in g  can  o n ly  be 
w i th  p h o s p h o ru s ,  and e x a m in a t io n  o f  th e  expanded  
sp ec tru m  p ro d u c e s  th e  f o l l o w in g  c o u p l in g  c o n s t a n t s  ( c / s ) :
^AB ^BO ~ ^OD -
= W .5  ^ hoh JpjjQ = 1<,8
S in c e  t h e r e  a r e  t h r e e  l a r g e  p r o to n  c o u p l in g  
c o n s t a n t s  be tw een  th e  p r o t o n s  Eg, E^ and E^, th e  
c a rb o n  atom s to  w hich  th e y  a r e  a t t a c h e d  m ust be  a d j a c e n t .  
The c h e m ic a l  s h i f t  o f  th e  r i n g  m eth y len e  p r o to n s  i s
‘<h>
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in c o m p a t ib le  w i th  t h e i r  b e in g  s i t u a t e d  a t  th e  7- p o s i t i o n *  
^The c h e m ic a l  s h i f t  o f  th e  m e th y len e  p r o t o n s  (T= 7 . 4 6 ) 
i s  v e ry  s i m i l a r  to  t h a t  o b s e rv e d  f o r  th e  p r o to n s  i n  th e
3- p o s i t i o n  in  2- d ie  th y lam  i n o - 3H -azep i n e , (T= 7 *56 )
I f  th e  m e th y len e  g roup  were i n  th o  7 - p o s i t i o n ,  th e  c h e m ic a l  
s h i f t  would be e x p e c te d  to  be s i m i l a r  to  t h a t  o f  
m e th y len e  g ro u p s  i n ,  f o r  exam ple , th e  d ie th y la m in o  
g ro u p s  6 * 7 6 ) .J '  The c o u p l in g  c o n s t a n t  b e tw een  
P and = 1 4 * 5 ) can  o n ly  be accommodated by a
s t r u c t u r e  PG-GH ( o f .  p^G^CC^ i n  d im e th y l  c i s - 3- p e n t -  
2-e n y Ip h o  sp h o n a te  Jp ^  = 23 . 5 ) »
D ec o u p lin g  e x p e r im e n ts  co n f irm  t h a t  i s  c o u p le d  
to  th e  p r o to n s  Hp, s in c e  i r r a d i a t i o n  a t  4*52  c a u s e s  th e  
doxiblet a t  %= 7*46 to  c o l l a p s e  to  a b ro a d  s i n g l e t .  S in c e  
th e  p r o to n  w i th  th e  l a r g e  PH c o u p l in g  c o n s t a n t  m ust be 
Hg, th e  f o l lo w in g  a s s ig n m e n ts  can  be made ( l v a l u e s  and 
c/ b )
P ro to n A ssignm en t C hem ical
s h i f t S h
% 2 .9 8
% Hr-5 3 .6 0 7^5= 8 .9
% h . U. 5 2
1133( 2) % ( 2 ) 7 .4 6
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6 7 '^P 0(0E t)^
The c h e m ic a l  s h i f t s  azid p r o to n  c o u p l in g  c o n s t a n t s  o f  
th e s e  p r o to n s  may he com pared w i th  th o s e  o b s e rv e d  f o r  
th e  corresponcl.ing  p r o t o n s  i n  2-diethylam ino*-3H«-a3epin0 :
A ssignm en t C hem ical




4 .9 8  ^56= 5 .5
7 .5 6  J ^ ^ = 8 .7
The compound may, t h e r e f o r e ,  he f o rm u la te d  as d i e t h y l  
2 -m ethy l"3H -a% epin - '7~"y lphosphona te , and a t h e o r e t i c a l  
sp ec tru m , h u i l t  up f o r  th e  ahove c o u p l in g  c o n s t a n t s ,  may 
he  r e l a t e d  to  th e  a c t u a l  sp e c tru m  as shovm.
The a z e p in e  from  t he r e a c t i o n  o f  o ^ e th y ln i t r o h e n z e n e  
wi t h  t r i e t h y l p h o s p h i t O a  The n .m .r*  sp e c tru m , i n  c a rh o n  
t e t r a c h l o r i d e ,  o f  th e  p r o d u c t  i s o l a t e d  f r o m . t h i s  e x p e r i ­
ment i s  i d e n t i c a l  i n  a l l  h u t  two r e s p e c t s  w i th  t h a t  o f  
th e  p ro d u c t  d e s c r i b e d  ahove . There  i s  an a d d i t i o n a l  
t r i p l e t ,  3H, 8 .7 0  and th e  d o u b le t  a t  7#46 now
a p p e a rs  as  p a r t  o f  a complex p a t t e r n ,  4H, c e n t r e d  a t
I l l
7#5 2 * These d i f f e r e n c e s  a re  c o m p a t ib le  w i th  th e  
s u b s t i t u t i o n  o f  an e t h y l  g roup  f o r  th e  r i n g  m e th y l 
g ro u p  in  th e  a z e p in e  d .e sc r ib e d  above . The p r o d u c t  may, 
t h e r e f o r e ,  be f o r m u la te d  as  d i e t h y l  2 -e t h y l - 3 H - a z e p in -  
7 - y lp h o s p h o n a te :
3V— IT 1
7 PO(OEt)
The c o u p l in g  c o n s t a n t s  and c h e m ic a l  s h i f t s  o b t a in e d  
from  t h i s  sp ec tru m  a r e  d e s c r i b e d  be low :
isignm ent C hem icalS h i f t
% 3#12 ^56= 6 .0
3 .6 5 J^ 5 = 8 .9
4# 64 J-3^=7.0
E^{2) c a . 7 .5 0
c / s
The a z e p in e  from  th e  r e a c t i o n  o f  o - n i t r o t o l u e n e  w i th  
t r i m e t h y l  p h o s p h i t e .  As can  be see n  from  th e  s e r i e s  o f  
s p e c t r a  f a c i n g  p . l 0 8 ,  th e  n . m . r .  sp ec tru m , in  d e u te r o ­
c h lo ro fo rm ,  o f  t h i s  a z e p in e  i s  v i r t u a l l y  i d e n t i c a l  w i th  
th o s e  d e s c r ib e d  a l r e a d y *  The sp e c tru m  shows a s i n g l e t ,
1 1 2
3H, T =  7 » 80 and a d o u b l e t ,  6li, 6 * 23 , J  -  10 o / s  
w hich  may be a s s i g n e d  to  a r i n g  m ethyl group  and t o  a 
m ethoxy group  a t t a c h e d  to  p h o sp h o ru s ,  r e s p e c t iv e ly ,  i n  




a s s ig n m e n t :  H, H_(2)— ---------------------------------  o 5 3 V /
c h e m ic a l  s h i f t  : 3 .0 2  3 .5 5  4#44  7«43
C o u p lin g  c o n s t a n t s  have  n o t  b een  o b ta in e d  f o r  t h i s  
compound. I t  may, how ev er , be f o r m u la te d  a s  d im eth y l 
2-me t h y l - 3H“*a3e p i n - 7^yIpho  sp h o n a te  •
The a z e p in e  from th e  r e a c t i o n  o f  n - n i t r o t o l u e n e  w i th  
t r im e th y l  p h o s p h i t e .  The n . m . r .  sp e c tru m , i n  d e u te r o ­
c h lo ro fo rm ,  o f  th e a zep in e  i s o l a t e d  from  t h i s  r e a c t i o n  
a g a in  e x h i b i t s  a  g e n e r a l  s i m i l a r i t y  t o  th o se  s p e c tr a  
d e s c r i b e d  a l r e a d y .  In  p a r t i c u l a r ,  th e  d o u b le t at%  = 7*46  
and th e  q u a r t e t  a t  2 .9 4  remain u n ch an g ed . The 
sp ec tru m  a l s o  shows a s i n g l e t ,  3H, 7 .9 0  and a d o u b le t ,
6h , 6 . 25 , J  = 11 c / s ,  w hich  may be a s s ig n e d  as
b e fo r e  t o  a r i n g  m e th y l group and to  a m ethoxy group  
a t t a c h e d  to  p h o s p h o ru s .  The r i n g  p r o to n s  a p p e a r  as  a 
q u a r t e t ,  IH, = 2 .9 4 ; a t r i p l e t ,  IH, H g ,l :  = 3 .2 8 ;
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a t r i p l e t ,  w i th  f u r t h e r  s p l i t t i n g ,  IH, H^, % = 3 .7 0 ; 
and a d o u b le t ,  2H, H^(2) , % = 7 .4 6 .
The n . m . r .  sp ec tru m  o f  th e  a z e p in e  i n  ben zene  
shows s m a l l  s o l v e n t  s h i f t s ,  l e a d i n g  to  th e  o v e r la p  o f  
th e  s i g n a l s  from  p r o t o n s  Ha and H_. T h is  does n o t ,  
how ever, a f f e c t  th e  i n t e r p r e t a t i o n  o f  th e  sp e c tru m . The 
c h e m ic a l  s h i f t s  a r e  now a s  f o l lo w s :
p r o t o n ; Hj  ^ Hg H^ Hg(2) r i n g  m etliy l
ch e m ic a l  s h i f t : 3 .1 4  3 .4 2  3 .8 0  7 .5 0  7 .9 1
I r r a d i a t i o n  a t  7*50 ( r i n g  methj^’l e n e )  c a u s e s  
th e  t r i p l e t  a t  3 .4 2  to  c o l le ip s e to  a s i n g l e t ,  b u t  h a s  
no e f f e c t  on e i t h e r  o f  th e  o t h e r  two p r o t o n s  H^ and H^. 
I r r a d i a t i o n  a t  X -  7 .9 1  ( r i n g  m eth y l)  c a u s e s  th e  t r i p l e t  
a t 3 . 80  to  sh a rp e n  to  a d o u b le t  o f  d o u b l e t s ,  b u t  
a g a in  h a s  l i t t l e  e f f e c t  on th e  d o v m fie ld  p r o to n s  Hj  ^ and
Hb -
The s t r u c t u r e  i s  now f u l l y  d e f in e d .  P ro to n  H^ i s
c o u p le d  to  some o t h e r  n u c l e u s ,  in  a d d i t i o n  to  th e  
a d j a c e n t  o l e f i n i c  p r o t o n  ( j  = 6 .0  c / s . ) .  T h i s ,  from  th e  
s i z e  o f  th e  c o u p l in g  c o n s t a n t  ( j  = l 4 . 0 \ o / ë ' . )  can  b n l y  be 
th e  p h o sp h o ru s  atom . As o n ly  one p r o to n  shows t h i s  
l a r g e  c o u p l in g ,  th e  c a rb o n  b e a r i n g  th e  p h o sp h o ru s  atom 
m ust be a d j a c e n t  to  th e  m e th y len e  g roup  o r  to  n i t r o g e n ;
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a s ,  i n  th e  f i r s t  c a s e ,  how ever, th e  m e th y len e  g roup  
would no lo n g e r  a p p e a r  as  a d o u b le t ,  th e  c a rb o n  
b e a r i n g  th e  p h o sp h o ru s  atom m ust t h e r e f o r e  be a d j a c e n t  
t o  th e  n i t r o g e n  atom, and = Hg, as  b e f o r e .
I r r a d i a t i o n  a t  11= 7#50 (m e th y len e )  a f f e c t s  H^ 
o n ly ,  c a u s in g  th e  t r i p l e t  a t i y =  3*42 to  c o l l a p s e  to  a 
s i n g l e t .  Hg t h e r e f o r e  h a s  no p r o to n  n e ig h b o u r s ,  o t h e r  
th a n  th e  m e th y len e  g ro u p , and, as  i t  i s  n o t  c o u p le d  
w i th  p h o s p h o ru s ,  m ust be a d j a c e n t  to  th e  n i t r o g e n  atom .
The m e th y len e  g roup  m ust a l s o  be a d j a c e n t  to  th e  r i n g  
m e th y l (a s  th e  m e th y len e  g roup  h as  o n ly  one a d j a c e n t  
p r o t o n ) ♦
I r r a d i a t i o n  a t  %= 7*91 c a u s e s  th e  t r i p l e t  a t  
%[= 3*80 to  sh a rp e n  to  a d o u b le t  o f  d o u b l e t s ,  b u t  h a s  
no e f f e c t  on any o t h e r  p r o t o n .  T h is  c o n f irm s  t h a t  th e  
r i n g  m e th y l i s  a d j a c e n t  to  th e  m eth y len e  g roup  o r  to  
th e  p h o sp h o ru s  atom (w hich  would g iv e  f u r t h e r  c o u p l in g )  
o r  to  th e  n i t r o g e n  atom ( a l r e a d y  e x c lu d e d  a s  a p o s s i b i l i t y )  
and shows t h a t  th e  one o l e f i n i c  p r o to n  a d j a c e n t  to  th e  
r i n g  m e th y l i s  c o u p le d  w i th  a second  p r o to n  and a n o th e r  
n u c l e u s ,  w hich  a g a in  can  o n ly  bo p h o s p h o ru s .  The 
a z e p in e  may t h e r e f o r e  be fo r m u la te d  as  d im e th y l  4 -m e th y l -  


















P ro to n  As sIgnm en t O hem icals h i f t HE J p H  ( c / b )
% He 3.1i|- 2 =14.0
% Ha 3.42 =4 . 2
Ho H5 3.80
H^(2) 7.50
A t h e o r e t i c a l  spectrum ^ b u i l t  up from t h e s e  c o u p l in g  
c o n s t a n t s  may be r e l a t e d  to  th e  a c t u a l  s p e c tru m g as  shomi
The s u s p e c te d  a z e p in e  from  th e  r e a c t i o n  o f  p - n i t r o a n i s o l e  
w i th  t r l m e t h y l  p h o s p h i t e o The n.m.r*. sp e c tru m  in  
d e u te r o c h lo r o f o r m ,  o f  t h i s  s u s p e c te d  a z e p in e ,  shows a 
s i n g l e t ,  X =  6 .3 2 ,  w i th  a d o u b l e t ,% = 6 .2 h ,  J  = 11 c / s . ,  
su p e r im p o sed  upon i t ,  t o t a l  c a .  9H. The r i n g  p r o to n s  
a p p e a r  a s  a o u a r t e t ,  IE , E^, % = 2 .9 2 ;  a t r i p l e t ,  IE , E^, 
T= 3 # % ; a q u a r t e t ,  w i th  f u r t h e r  s p l i t t i n g ,  IE , H^,
T= 4#37; and a d o u b l e t ,  2E, E ^ ( 2 ) ,  %= 7*33. A d d i t i o n a l  
p e a k s  ( d o u b l e t ,  %= 6 .8 6 ,  J  = 9 c / i .o h ic r s  in  a ro m a t ic  r e g io n )  
s u g g e s t  t h a t  t h i s  a z e p in e  h a s  n o t  y e t  been  o b t a in e d  in  
a n a l y t i c a l  p u r i t y .
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However g a s c a l e  e x p a n s io n  o f  th e  r e g io n  from  2 .5  to  
5*0 g iv e s  th e  f o l lo w in g ,  t e n t a t i v e ,  v a lu e s  f o r  o h em ica l  
s h i f t s  and c o u p l in g  c o n s t a n t s ;  no d.e coup l i n g  e x p e r im e n ts  
h a v e ,  a s  y e t ,  been  u n d e r ta k e n  on t h i s  sy s te m .
3 2Meod
6 77P0(0Me)
P ro to n  A ssignm en t O hem ical ( c / s )T h l H "  U S  _PH
Ha He 2.92 P 6 -7 .2 5 drjïT “ l4*  0 PHg
Hg Hg 3 .2 5 J g 00 Jpg. =4.1
Hq % 4 .3 7
îg (2 ) Ig(2) 7 .3 3
( i i ) O th e r  s t r u c t u r a l  p ro b lem s  in  th e  l i g h t  o f  n . m . r .  
s p e c t r a l  e v id e n c e ;  c o n f i r m a t io n  o f  th e  s t r u c t u r e  o f  
2g 4 - d in  i t  r  opheny Ip h o s p h o n a te  s . Tr i  a l k y 1 pho s p h i t e s  
r e a c t  w i th  1 , 2 , 4 ' - t r i n i t r o b e n z e n e  to  g iv e ,  by  n u c le o -  
p h i l i c  d i s p la c e m e n t  o f  a  n i t r o - g r o u p ,  th e  c o r r e s p o n d in g  
2 , 4“ d in i t r o p h e n y lp h o s p h o n a te s .  The f o r m u l a t i o n  o f  
t h e s e  compounds a s  t h e  2 ,4 -  r a t h e r  th a n  th e  2 ,5 -  o r  
5 , 4 - d in i t r o p h e n y I p h o s p h o n a te s  depends upon an a n a l y s i s  
o f  th e  a ro m a tic  r e g io n  o f  th e  n .m . r .  s p e c t r a  o f  t h e s e
I (in
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compotuids. Tlie s p e c t r a  have been  d e s c r i b e d  e a r l i e r  
(p* 72-7l|.) „ W ith  o n ly  t h r e e  p r o to n s  p r e s e n t ,  th e  
a ro m a tic  r e g io n  o f  th e s e  s p e c t r a  m igh t be e x p e c te d  to  be 
r e l a t i v e l y  s im p le :  th e  p h o sp h o ru s  atom i s  however 
c o u p le d  w i th  b o th  o« and m -pro tons*  The sp e c tru m , and 
th e  i n t e r p r e t a t i o n  t h e r e o f ,  f o r  d im e th y l  2 , I j . - d i n i t r o -  
ph eny Iph o  sp h o n a te  i s  as  shown o p p o s i te *  S im i l a r  s p e c t r a  
have  been  o b ta in e d  f o r  d i e t l i y l  and d i - i s o p r o p y l  2,1].- 
d in i tro p h e n jT 'lp h o s p h o n a te • The c o u p l in g  c o n s t a n t s  ( c / s )  
and c h e m ic a l  s h i f t s  d e r iv e d  from  th e s e  s p e c t r a  a re  
l i s t e d  b e lo w .
S h0 E. o H
d im e th y l 1 2 .5 2 .5 8 .2 1 .5 c a . 0
d i e t h y l 1 2 .4 2. 2 “  8 .4 1 .0 c a . 0
d i - i s o p r o p y l 9 .0 2 .7 8 .5 1 .5 c a . 0
These may be com pared w i th  c o r r e s p o n d in g  v a lu e s  
f o r  a v a r i e t y  o f  p h o s p h in e s  and p h o sp h in e  o x id e s ,  
where ~ 7 * 9 -1 1 .5 ;  =2*l - 3 « 4  and a ô .O - ô .9*
Q onfirm atT on  o f  th e  s t r u c t u r e s  o f  a u th e n tT c  sam ples  o f  
th e  p h o s p h o r u s - c o n ta in in g  compounds d e s c r i b e d  in  
TABLBS 1 -4  (p* 4 9 -" 5 l) . A u th e n t ic  sam ples  o f  a number 
o f  d i a l k y l  a ry lp h o  s p h o n a te  s , t r i a l k y l  N -a ry lp h o  s p h o r -  
i m id a t e s ,  d i a l k y l  N -a lk y 1 -g -a r y lp h o s p h o r a m id a te s  and 
d i a l k y l  K -a ry lp h o  sp h o r  a ra id a te s  have been  p rep  a r e d  by
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e s t a b l i s h e d  m ethods , a s  d e s c r ib e d .  I d e n t i f i c a t i o n  o f  
t h e s e  i s  b a s e d  upon t h e i r  means o f  p r e p a r a t i o n ,  upon 
t h e i r  e l e m e n ta l  a n a l y s i s ,  and upon th e  r e l e v a n t  
s p e c t r a l  d a t a .
The n .m .r*  s p e c tr a , i n  d e u te ro c h lo ro fo rm ,  show th e  
p r e s e n c e  o f  a l k y l  s u b s t i t u e n t s i n  th e  a ro m a tic  sy s tem , 
and o f  a lk o x y  g ro u p s  a t t a c h e d  to  phosp h oru s. O ther 
th a n  in  th e  s p e c t r a  o f  th e  d i a l k y l  a r y lp h o s p h o n a te s ,  
th e  a ro m a t ic  r e g io n  a p p e a r s  as  a s i n g l e t  o r  as  an 
u n r e s o lv e d  m u l t i p l e t  c e n t r e d  betw een  T -  2 .6  and%=
In  c o n tr a s t ,  th e d i a l k y l  a r y lp h o s p h o n a te s ,  in  p a r t i c u l a r  
whan th e  a l k y l  s u b s t i t u e n t  on th e benzene r i n g  i s  in  
th e  p - p o s i t i o n ,  show c le a n ly  r e s o lv e d  e i g h t - l i n e  A^B^X 
a ro m a tic  r e so n a n c e  s p e c t r a *  These s p e c t r a  have been  
f u l l y  a n a ly s e d  by O bry ck i and G r i f f i n .
Bor th e m ethyl e s t e r s ,  th e  d o u b le t  a p p e a rs
i n  the ra n g e  6 .2  t o T =  6*35, w ith  Jpg 1 0 -12  c / s .
F o r th e  e t h y l  e s t e r s ,  t j -p ic a l  P-O-OHg-OH:^ reson a n ces  
a r e  o b s e rv e d :  t r i p l e t s , t  =: 8 .6 5 -8 .7 5 ,  Jgg^7-8 c / s  and 
o u in te t s  ( i . e .  d o u b le t s  o f  q u a r te t s ) ,  %"= 5 .8 5 - 5 .9 0 ,
r e p r e s e n t i n g  th e  m e th y l and the  
m e th y len e  g ro u p s  r e s p e c t iv e ly .
The N -m ethy l group , i n  th e  d im eth y l N -m e th y l-g -  
a r  y Ipho  spho r  am id a t e s ,  app e ar s a s  a doub l e t , T ~  6 . 8 -
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7*lp J - 7 - 8  c / s .  The c o r r e s p o n d in g  g - e t h y l  g roup  
api;>ea3?s as  two o v e r la p p in g  o u a r t e t s ,  n o t  a lw ays c l e a n l y  
r e s o l v e d ,  o / s  and as  a ,  p resum ed ,
t r i p l e t ,  8 . 6 - 8 . 8 ,  w hich  i s  a lw ays o v e r la p p e d  hy 
th e  t r i p l e t  r e s u l t i n g  from  th e  me th i r l  r e s o n a n c e  o f  th e  
e th o x y  g roup  a t t a c h e d  to  th e  p h o sp h o ru s  atom#
The s i n g l e  p r o t o n  a t t a c h e d  to  n i t r o g e n  in  
d i a l k y l  K p a ry lp h o sp h o ra n i id a te s  may show as  a h ro a d  
s i n g l e t  in  th e  ra n g e  IT— 4# However, in  d i f f e r e n t
e n v i ro n m e n ts ,  t h i s  r a n g e  may he e x c eed ed , and i f  th e  
peal^ becomes to o  b ro a d ,  i t  may be im p o s s ib le  to  i d e n t i f y  
i t  a However, i . r ,  s p e c t r o s c o p y  c l e a r l y  shows th e  
p r e s e n c e  o f  su ch  H-H g ro upse  C hem ical s h i f t s  f o r  
o t h e r  n u c l e a r  s u b s t i t u e n t s  ( a l k y l  and a lk o x y )  f a l l  
w i th in  n o rm a l ly  a c c e p te d  r a n g e s  f o r  t h e s e  groups*  
S a t i s f a c t o r y  i n t e g r a t e d  i n t e n s i t i e s  hav e  been  
o b ta in e d  in  e v e ry  c a s e .
The q u a n t i t a t i v e  a n a l y s i s  o f  m ix tu r e s  o f  th e  
phosphorim ic l-a tes  and  p h o s p h o ra m id a te s ,  d e s c r i b e d  above , 
depends on a co m p ariso n  o f  th e  i n t e g r a t e d  i n t e n s i t i e s  o f  
th e  a r o m a t i c ,  P-OCEg"- o r  P-OCH:^, H-CH2"" and
ArCHp- o r  ArCH-^ r e g i o n s .  I t  w i l l  be a p p a r e n t  t h a t ,  i n  
o r d e r  to  a c h ie v e  t h i s ,  th e  s p e c t r a  s h o u ld  show as  l i t t l e  
o v e r la p p in g  o f  th e  d i f f e r e n t  r e s o n a n c e s  as  p o s s i b l e .
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Thus th e  r e a c t i o n  o f  t r i m e t h y l  p h o s p h i te  w i th  o - ,  m- 
and p - n i t r o t o l u e n e  l e a d s  to  a m ix tu re  o f  p r o d u c t s  
w hich  a r e  m ost s u s c e p t i b l e  to  a n a l y s i s  i n  t h i s  way.
I t  may be p o s s i b l e ,  in  some c a s e s ,  t o  d i s t i n g u i s h  
th e  p h o S T fio r im id a te s  from  th e  p h o sp h o ra m id a te s  by 
th e  c h e m ic a l  s h i f t  o f  th e  a ro m a tic  p r o t o n  r e s o n a n c e ,  
t h i s  b e in g  g e n e r a l l y  i n  th e  ran g e  3 * 1 0 -3 .2 5 ,  f o r  th e  
c e n t r e  o f  th e  m u l t i p l e t ,  i n  th e  fo rm er c a s e ,  and i n  th e  
ra n g e  2 .7 5 - 2 .8 5 ,  i n  th e  l a t t e r *
(b ) U l t r a - v i o l e t  A b s o rp t io n  S p e c t r a .  The u . v .  s p e c t r a ,  
i n  m e th a n o l ,  o f  f o u r  o f  th e  a s e p in e s  i s o l a t e d ,  have  been  
r e c o r d e d  ^ a .  255 m ^)* A q u a l i t a t i v e  co m p ar iso n  o f
t h e i r  s p e c t r a  may be made, as  s h o rn .  The c o n c e n t r a t i o n s  
o f  th e  s o l u t i o n s  a r e  n o t  th e  same and th e  maxima do n o t ,  
t h e r e f o r e ,  i n d i c a t e  th e  r e l a t i v e  e x t i n c t i o n  c o e f f i c i e n t s .
The s p e c t r a  show a c o n s id e r a b le  s i m i l a r i t y ,  w i th  
l i t t l e  v a r i a t i o n  w i th  th e  n a t u r e  o r  p o s i t i o n  o f  th e  
a l k y l  s u b s t i t u e n t .  T h is  i s  f u r t h e r  e v id e n c e  f o r  th e  
f o r m a t io n  o f  t h e  same 3H -a2;ep ine  r i n g  sy s tem  in  ea c h  
c a s e .  I t  may a l s o  be s e e n ,  how ever, t h a t ' th e  sp ec tru m  
o f  d im e th y l  U -m e th y l -3 H -a z e p in -7 -y lp h o s p h o n a te  shows 
a  n o t i c e a b l e  change a f t e r  th e  s o l u t i o n  in  m e th an o l h a s  
b een  a l lo w e d  to  s ta n d  f o r  a  number o f  h o u r s .  T h is  i s  
n o t  so f o r  any o f  th e  o t h e r  a s e p in e s  i n v e s t i g a t e d  in
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t h i s  way. T h is  does  c o n f irm  a n a l y t i c a l  and v i s u a l  
e v id e n c e  t h a t  t h i s  p a r t i c u l a r  a z e p in e  i s  l e s s  s t a b l e  th a n  
th e  o t h e r s  d i s c u s s e d  h e r e ,  a l th o u g h  th e  p r o d u c t s  o f  t h i s  
d e c o m p o s i t io n  o r  r e a r r a n g e m e n t  have n o t  b een  s t u d i e d  
f u r t h e r .
(o) I n f r a - r e d  S p e c t r a ,  The i . r ,  s p e c t r a  o f  a number o f  
pho spho r u  s - c o n t a i n  i n g compounds have  been  r e c o r d e d  as 
d e s c r i b e d .  The c h a r a c t e r i s t i c  a b s o r p t i o n s  o f  t h e s e  
compounds (>p^^t:=1200-1260| \^^j^,~1010-10U0;
1133-1165  cm,*" ; e t  ce t*  ) i n  g e n e r a l  f a l l  w i t h in  th e  
r a n g e s  d e f in e d  by Thomas and O h itten d en ,^ ^ ^ "* ^ ^ ^
The c lo s e  ag reem en t o f  th e  v a lu e s  o f  th e  Pt=0 ab­
s o r p t i o n  f r e n i i e n c i e s  w i th  th o s e  c a l c u l a t e d  by th e  
m ethod o f  Thomas and O h i t te n d e n ^ ^ ^  i s  o f  p a r t i c u l a r  
i n t e r e s t .  I t  was s h o rn ,  by them, t h a t  t h e r e  i s  a 
l i n e a r  r e l a t i o n s h i p  b e tw een  th e  p h o s p h o ry l  f r e q u e n c y  
and th e  sum o f  th e  ’p h o sp h o ru s  i n d u c t i v e  c o n s t a n t s  ( i f ) ’ , 
t h e s e  c o n s t a n t s  b e in g  e m p i r i c a l  v a l u e s ,  r e l a t e d  to  th e  
P a u l in g  e l e c t r o n e g a t i v i t y  c o n s t a n t s  f o r  th e  d i f f e r e n t  
g ro u p s ,  such  t h a t :
'^ p = o  = 930 + 40  S t t
T h is  r e l a t i o n s h i p  do es  n o t  h o ld ,  i n  g e n e r a l ,  f o r  
p h o sp h in e  o x id e s  and p h o s p h o ra m id a te s ,  o\ving p o s s i b l y .
INFRA-RED spectral  DATA Cl) (cm*
Vp=o 930 + 40 £ tt
Compound %
S th y l  d ip h e n y lp h o s p h in a te 7 .6 5 1236 1230
D im ethy l o -n i t r o p h e n y lp h o s p h o n a te 8 .2 1258 1250
D ie th y l  o -n i t ro p h e n y I p h o s p h o n a te 8 .1 1254 1247
D i - i s o p r o p y l  o - n i t r o p h e n y lp h o s p h o n a te 7 .9 1246 I 2I1.8
E th y l  m e th y 1 -p -n i t ro p h e n y I p h o s p h in a te 7 .3 5 1224 1225
D ip h e n y 1 -o -n i t ro p h e n y Ip h o  sp h in e  ox i de 7 .2 1218 1195
D im ethy l 2 ,U -d in i t ro p h e n y I p h o s p h o n a te 8 .2 1258 1260
D ie th y l  2 , 1|.- d in  i t  ro p h e n y  Ipho  sphon a t  e 8 .1 1254 1260
D i- i s o p r o p y l  2 ,h - d in i t r o p h e n y I p h o s p h o n a te ? * 9 1246 1255
D im ethy l N -a ry lp h o s p h o ra m id a te s 7 .8 1242 1225'
D im ethy l N -m e th y l-N -a ry lp h o s p h o ra m id a te s  8 .0 1250 1245'
Die t h y 1 a ry Ip h o  spho r  am id a te  s 7 .7 1238 1225'
D ie th y l  H - e th y l - F - a r y lp h o s p h o r a m id a te s 7 .9 1246 1245
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to  h y d ro g e n -b o n d in g  o r  s t e r i c  e f f e c t s *
The s p e c t r a  now d e s c r i b e d  show t h a t  t h e  P=0 
a b s o r p t i o n  f r e q u e n c y  o f  d ip h e n y l - o - n i t r o p h e n y I p h o s p h in e  
o x id e  (1195  does  in d e e d  d i f f e r  m ark ed ly  from
t h a t  s u g g e s te d  by th e  above th e o r y  (1218 cm**" )* The 
v a lu e s  o b t a in e d  from  th e  v a r io u s  pho sph o r  mu i d a t e s  a r e  
r a t h e r  c l o s e r  t o  th o s e  r e q u i r e d  ( s e e  S p e c t r a l  D a ta  ( i ) ,  
o p p o s i t e ) *
A l l  th e  o t h e r  v a lu e s  a r e  in  good ag reem en t (^9 cm#""^) 
w i th  th e  v a lu e s  su g g e s te d ,  by th e  above th e o r y ,  and w e l l  
w i th i n  th e  l i m i t s  ( -1 2  cm*" ) d e s c r i b e d  by Thomas and 
C h it te n d e n *  T h is  i s  n o t ,  i n  f a c t ,  th e  e x p e c te d  r e s u l t ,  
f o r ,  i f  s t e r i c  e f f e c t s  and p o s s i b l e  e l e c t r o n i c  i n t e r ­
a c t i o n s  a r e  im p o r ta n t  in  p e r t u r b i n g  th e  P=0 f r e o u e n c y  
i n  a ro m a tic  p h o sp h in e  o x id e s ,  th e n  th e  aame e f f e c t s  
s h o u ld  be n o t i c e a b l e  w i th  a b u lk y  o r t h o - s u b s t i t u e n t , su ch  
a s  th e  n i t r o - g r o u p *  T h is  i s  n o t  a p p a r e n t l y  th e  c a s e ,  
how ever, f o r  d e s p i t e  th e  p r e s e n c e  o f  th e  0-11 i t  1^ 0- g roup  
i n  e a c h  o f  th e  pho sphon a t  e s  d e s c r ib e d ,  th e  o b s e rv e d  
Pr^O f r e q u e n c i e s ,  a s  h a s  been  shov/n, re m a in  c lo s e  to  
th o s e  v a lu e s  p r e d i c t e d  by  th e  th e o ry *  I t  may b e ,  i n  
t u r n ,  t h a t  some p e r t u r b i n g  f a c t o r s  o t h e r  th a n  s t e r i c  
e f f e c t s  a r e  im p o r ta n t  i n  c a u s in g  th e  anom alous a b s o rp ­
t i o n s  o f  t r i a r y Ip h o s p h in e  o x id es*
INPRA-RBD SPBOTRAI. DATA ( l l ' )
R- o r
N=P(OR^)n
R E i n bond X








!! t t 2 - 0 H 995 121^5 3200
n Et 2 — 0 H 940 1240 3190
m-Me Me 3 - 1365
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ÎI I! 2 - 0 Et ? 1265
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The v a lu e s  f o r  f o r  th e  t r i a l k y l  a ry lp h o sp h o rim i* -
d a t e s ,  f o r  'Vp__Q and f o r  th e  d i a l k y l  N*-alkyl--ÎT-
a r y  Ipho  spho r  am i  da t  e s , and f o r  and f o r
th e  d i a l k y l  N -a ry  Ip h o  spho ram i da t e  s a r e  shown in  S p e c t r a l
D a ta  ( i i )  and ( i l l )  # The v a lu e s  f o r  Vp_.]^ a r e ,  o f  c o u r s e
t e n t a t i v e ,  a s  t h i s  c o r r e l a t i o n  h a s  n o t  been  c l e a r l y
e s t a b l i s h e d ,  as  y e t .  M i i le  th e  a b s o r p t i o n  in  th e  r e g io n  
*^ 1920-965  cm ." f o r  d i a l k j r l  N -a l lc y l-H -a ry lp h o sp la o ra m id a te s ,
—1and in  th e  r e g io n  970-995 cm* f o r  t h e  d i a l k y l  N - a r y l ­
pho sphoram i d a te  s , i s  q u i t e  c o n s i s t e n t  f o r  th e  m e th y l 
e s t e r s ,  th e  c o r r e s p o n d in g  a b s o r p t i o n s  f o r  t h e  e t h y l
e s t e r s  a re  f a r  l e s s  o b v io u s .  T h is  c o r r e l a t i o n ,  as
212s u g g e s te d  by Thomas and C h i t t e n d e n "  , m ust t h e r e f o r e  
rema in  in  cu e s  t  io n  »
The i . r .  s p e c t r a  o f  th e  d i a l k y l  a ry lp h o  sphon a t e  s , 
w hich  a l l  show 250^5 cm# in  a c c o rd  w i th  th e
th e o r y  d e s c r i b e d  e a r l i e r ,  have  been  f u l l y  d e s c r i b e d  
by  O bryck i and G - r i f f in .^ ^ ^
F i n a l l y ,  th e  i . r .  s p e c t r a  o f  d i e t h y l  2 -m e th y l -  and 
2“ e th y l-3 H ~ a s e x 3 in -7 -y lp h o s p h o n a te  have b ee n  d e s c r i b e d  
in  f u l l ,  e l s e w h e r e . The i .r©  s p e c t r a  foi» t h r e e  f u r t h e r
a z e p in e s  may now be d e s c r i b e d :  see  S p e c t r a l  D a ta  ( i v )  
on f o l l o w i n g  p a g e .
, \ 124SP3GTRAL DATA ( iv )
D im ethyl 2~methyl-3E-a2et)ln-7"ylT3h.oST)honate ;
3000 ( w . ) ,  2960 ( s . ) ,  2850 (m .) ,  1610  ( s . ) ,  1520  (w .) ,
1430  (m.)> 1395 (m .) ,  1370  (m .) ,  1330  ( w . ) ,  1280  (m .) ,
1255 ( s . ) ,  1180  (m .) ,  1170  (m.)> 1115 ( s . ) ,  IO65 ( s . ) ,
1030  ( s . ) ,  965 ( ’j r . ) ,  905 ( w . ) ,  860  (vr.) ,  830  ( s . ) ,
600 ( w . ) ,  780 ( s . ) ,  750 ( s . ) ,  655 ( w . ) .
D im ethyl U -m eth y l-3E -azen In -7 -yIp h o  sphon a te  ;
3000  ( w . ) ,  2950 ( s . ) ,  2850 ( in .) ,  1610 ( m .) ,  1590 (m .) ,
1525  ( m .) ,  l i+50 ( s . ) ,  1375  (m .) ,  13)4.5 ( w . ) ,  1255 ( s . ) ,
1185  ( s . ) ,  1115 (w. ) ,  1100 ( s . ) ,  1030  ( s . ) ,  950  (vf. ) ,
920 ( w . ) ,  905 (v / . ) ,  875 (’? . ) ,  830 ( s . ) ,  810 (w .) ,
■800 (m .) ,  775 ( s . ) ,  680  (w .) ,  650  (m .)o
D im eth y l 4 "m e th o x y -3 H --a z e p in -7 -y l 'p h o sp h o n a te :
3000  ( r a . ) ,  2950 ( s . ) ,  2850 (m .) ,  I 650 ( m .) ,  I 600 ( s . ) ,
1520  ( s . ) ,  1460  ( m . ) ,  1 # 0  (m .) ,  1420  ( m .) ,  1375 (m .) ,
1360  ( m .) ,  1290  ( s . ) ,  1250  ( s . ) ,  1200 ( m .) ,  I I 70 ( s . )
1100 ( s . ) ,  1035 ( s . ) ,  950  ( r r . ) ,  915 (w .) ,  900 (w .)
875 (w .) ,  830 ( s . ) ,  780 ( s . ) ,  680 (m ,) .
$
9
s .=  s t r o n g  medium we ale.
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The R e a c t io n s  o f  T e r v a l e n t  P hosp ho rus  Re a g e n ts  w i th  
A rom atic  F ltro-Q om pounds»
I t  i s  a p p a r e n t  from  th e  e x p e r im e n ta l  work 
d e s o r ih e d  i n  p r e v io u s  c h a p t e r s  t h a t  th e  r e a c t i o n  o f  
t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  o -^ d in i t ro h e n z e n e  and 
r e l a t e d  compounds d i f f e r s  m ark ed ly  from  th e  c o r r e s ­
p o n d in g  r e a c t i o n s  w i th  o - a l k y l n i t r o s o -  and a l k y l n i t r o -  
hen zenes#  The two s e r i e s  o f  e x p e r im e n ts  w i l l  t h e r e f o r e  
he  d i s c u s s e d  s e p a r a t e l y ,  h o th  in  te rm s  o f  t h e i r  i n d i c ­
a t i o n  o f  t h e  p o s s i h i l i t i e s  f o r  s j n i t h e s i s ,  and in  te rras  
o f  t h e i r  c o n t r i b u t i o n  to  t h e  u n d e r s t a n d in g  o f  th e  
mechanism o f  th e  r e a c t i o n s  concerned*
1* R e a c t io n  o f  ^ - D in i t r o h e n s e n e  and R e l a t e d  Oomnounds 
w i th  T e r v a l e n t  P h o sn h o ru s  R eagen ts*
(a )  P r e p a r a t i v e  a s p e c t s  o f  t h i s  r e a c t i o n *  I t  h a s  now 
b een  shomi th a .t  p h o s p h i t e s ,  p h o s p h o n i te s  and p h o s p h i n i t e s  
r e a c t  r e a d i l y  w i th  o - d i n i t r o b e n z e n e  and w i th  1,2,1].- 
t r i n i t r o b e n z e n e ,  and t o  a  much s m a l l e r  e x t e n t  w i th  some 
o t h e r  a ro m a tic  n i t ro -o o m p o u n d s ,  to  g iv e  t h e  c o r r e s p o n d in g  
o - n i t r o p h e n y l -  and 2, U-d i n i  t r  opheny Ipho sp h o n a te  s , 
pho s p h i n a t e 8 and p h o sp h in e  o x id e s ,  i n  h ig h  y i e l d s *  A 
mechanism i n v o l v in g  a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n
TABLE 5
R e a c t io n s  showing a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n  by* 
t e r v a l e n t  p h o sp h o ru s  r e a g e n ts *












(P r^ O ) ,P
(3 tO ) ,P
(B tO ),P
P ro d u c ts  Formed
d im e th y l  o - - n i t r  opheny Ipho  sp h o n a te  (67%)
d i e t h y l  o - n i t  ro pheny  Ipho  sp h o n a te  (50-78%)
e t h y l  n i t r i t e  (25-48%)
d i - i s o p r o p y l  p _ -n i t ro p h e n y l -  p h o sp h o n a te  (5U%)
e t h y l  m e t h y l - o - n i t r o p h e n y l -  p h o s p h in a te  (77%)
d ip h e n y l^ o - n i t r o p h e n y lp h o s p h in e  
o x id e  (S’5%)
d i e t h y l  o - n i t r  opheny Ipho  s p h o n a te  (9.8%)
d im e th j ' l  2 , I j i -d in i tro p h e n y  1 -  p h o sp h o n a te  (73^)
d i e t h y l  2, Ij.- d in  i t  r o p h e n y l -  p h o sp h o n a te  (5U%) 2 ,l( .-d in itro p h en o 1  (5*8%)
d i - i s o p r o p y l  2^4 ~ " d in i t ro p h e n y l-  pho sphon a t e  (Il8% )
d i e t h y l  2 , l j . - d in i t r o p h e n y l -  p h o sp h o n a te  ( l l . 2%)
d i e t h y l  2 -p y r id y lp h o s p h o n a te  ( j5%)
d i e t h y l  o -n i t r o p h e n y lp h o s p h o n a te  (8%)
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by* th e  p h o sp h o ru s  m o ie ty  i s  p ro p o s e d  (Scheme 2 0 ) . Not 
o n ly  i s  t h i s  a n o v e l  r e a c t i o n  o f  t e r v a l e n t  p h o sp h o ru s  
re a g e n tS p  t h e r e  b e in g  few , i f  any, o t h e r  e s t a b l i s h e d  
exam ples o f  h e t e r o l y t i c  a ro m a tic  s u b s t i t u t i o n  by 
p h o sp h o ru s  compounds, b u t  i t  i s  a l s o  a c o n v e n ie n t  r o u t e  
to  compound's p r e v i o u s l y  d i f f i c u l t  t o  p re p a re *
A summary o f  th o s e  e x p e r im e n ts  w hich  show, o r  
a p p e a r  to  show**’, a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n ,  i s  
g iv e n  i n  TABLE 5 # In  a number o f  e x p e r im e n ts ,  t h i s  
e x p e c te d  r e a c t i o n  f a i l s  t o  talce p l a c e ,  g i v i n g  i n s t e a d  
d e o x y g e n a t io n  o r  r e d u c t i o n  p r o d u c t s ,  s i m i l a r  to  th o s e  
fo u n d  in  r e a c t i o n s  b e tw een  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
end u n a c t i v a t e d  n i t r o b e n z e n e s ,  o r  l e a d i n g  t o  th e  r e c o v e ry  
o f  s t a r t i n g  m a t e r i a l s ,  o r  g i v in g  b la c k  i n t r a c t a b l e  t a r s  
a f t e r  an e x o th e rm ic  r e a c t i o n .  The r e s u l t s  o f  th e s e  
e x p e r im e n ts  a r e  d e s c r i b e d  i n  TABLE 6 . and th e  p o s s i b l e  
r e a s o n s  f o r  t h e s e  l i m i t a t i o n s  to  th e  r e a c t i o n  as a 
g e n e r a l  m ethod o f  s y n t h e s i s  w i l l  be d isc u s se d ,  i n  th e  
l i g h t  o f  th e  p o s t u l a t e d  mechanism f o r  th e  r e a c t io n *
The d i f f i c u l t i e s  i n h e r e n t  in  th e  s y n t h e s i s  o f  th e  
“'A l t e r n a t i v e  m echanism s w i l l  be d i s c u s s e d  in  due 
co u rse *  A ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  i s  
how ever, a t  p r e s e n t ,  t h e  most u s e f u l  h y p o t h e s i s  
f o r  th e  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s *
TABLE 6
IT l t ro -  P h o sp h o ru s  
Compound Re a g e n t
Bu^,P  






P r o d u c t s  form ed
un changed  n i tro -oom pound  
t r ip h e n y I p h o s p h in e  o x id e ,  t a r s  
n i t r i c  o x id e  (? )
t a r s  fo rm ed
no r e a c t i o n  i n  s o l u t i o n  
v i o l e n t  r e a c t i o n  i n  ab sen ce  o f  
s o l v e n t ,  t a r s  fo rm ed  
no r e a c t i o n  i n  s o l u t i o n





p - n i t r o p h e n e t o l e  ( 3 * ^ ) ,  
F - e t h y l - ^ p - n i t r o a n i l i n e  ( l# 9 ^ )  
p - n i t r o a n i l i n e  (8# 6^)
u nchanged  n i tro -co m p o u n d  (42^ )
v i o l e n t  r e a c t i o n ,  n i t r o u s  fum es, 
t a r s  fo rm ed  
t r i p h e n y  Ipho  s p h in e  o x id e  {h5fo)
TABLE 6 ( i l )




P ro d u c ts  fo rm ed
t a r s
2 - n i t r o h i p h e n y l  ] solution
o - n i t r o a n i l i n e  ( l l ^ )  ^









no r e a c t i o n  in  s o l u t i o n
t a r s  fo rm ed  in  a b se n ce  o f  s o l v e n t
no r e a c t i o n  i n  s o l u t i o n ,
t a r s  fo u n d  in  ab se n ce  o f  s o l v e n t
u nchanged  n i t ro -c o m p o u n d  (1+2??)
in  s o l u t i o n  
t a r s ,  e t h y l  c h l o r i d e  (53^-) i n  
ab sen ce  o f  s o lv e n t
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p r o d u c t s  o f  t h i s  r e a c t i o n ,  hy a l t e r n a t i v e  r o u t e s ,  may 
he i l l u s t r a t e d  hy  th e  f a i l u r e  o f  p r e v io u s  a t t e m p ts  to  
p r e p a r e  d i e t h y l  o -n i t r o p h e n y lp h o s p h o n a te  ( l O l ) # 
K osolapoff,^^^^ i n  19l4^ 8“ i.{-9^  n i t r a t e d  d i e t h y l  p h e n y l -  
p h o s p h o n a te ,  h u t  was u n a h le  to  s e p a r a t e  th e  r e s u l t i n g  
m ix tu re  o f  o - ,  m-, and p— iso m e rs  o f  d i e t h y l  n i t r o -  
p h e n y lp h o sp h o n a te  o r  o f  th e  c o r r e s p o n d in g  ac id *  Do ah , 
Freedman and J a f f a  d e v e lo p e d  a s a t i s f a c t o r y  m ethod f o r  
th e  p r e p a r a t i o n  o f  a ry lp h o s p h o n ic  a c id s  from  th e  
c o r r e s p o n d in g  h e n se n e d ia z o n iu m  f l u o r o h o r a t e  and p h o s­
p h o ru s  t r i c h l o r i d e  i n  th e  p r e s e n c e  o f  c o p p e r  s a l t s ,  
w hich  f a i l e d  in  t h e  c a se  o f  o -n i t ro h o n z e n e d ia s o n iu m  
f l u o r o h o r a t e # They were l a t e r  a h le  to  s e p a r a t e  th e
0- ,  m-, and p— iso m e rs  o f  n i  t ro p h e n y lp h o  sphon ic  a c id ,  
d e s c r ib e d  above , by  th e  f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  
t h e i r  magnesium s a l t s . T h e  d i e t h y l  e s t e r  was n o t ,  
how ever, p r e p a r e d  from  p - n i  t ro p h e n y lp h o  sphon i c  a c id .  
O ther i n v e s t i g a t i o n s ,  o f  n i t r o g e n  m u s ta rd s  c o n t a i n i n g  
th e  p h o sp h o n a te  g ro u p ^^^  and o f  p h o sp h o ru s  e s t e r s
p r e p a r e d  from  th e  a c id s  by th e  a c t i o n  o f  p h o sp h o ru s
21 8p e n t a c h l o r i d e  and th e  a p p r o p r i a t e  a l c o h o l ,  “ made no 
m en tio n  o f  th e  o—n i t r o - i s o m e r *
More r e c e n t l y ,  O bryck i and O r i f f i n , a n d  Tavs
91 Qand K o rto  r e p o r t e d  e l e g a n t  s y n th e s e s  o f  a number o f
1 3 0
d i a l k y l  a r y lp h o s p h o n a te 3 from  th e  c o r r e s p o n d in g
s u b s t i t u t e d  io d o -  o r  b rom obenzenes and th e  a p p r o p r i a t e
t r i a l k y l  p h o s p h i t e  i n  th e  p r e s e n c e  o f  u l t r a - v i o l e t  l i g h t
o r  o f  c o p p e r ,  re sp e c t iv e ly * »  Once a g a in  t h e r e  w a s a
c o n sp ic u o u s  f a i l u r e  o f  th e s e  m ethods i n  th e  c a se  o f
h a lo - n i t r o - c o m p o u n d s ,  t h e  r e a c t i o n  i n  such  c a s e s  l e a d i n g
t o  th e  r e c o v e r y  o f  unchanged  s t a r t i n g  m a t e r i a l  o r  t o
13 zth e  p r o d u c t i o n  o f  i n t r a c t a b l e  t a r s .
I t  h a s  now b een  sh ow n  t h a t  t h e s e  d i a l k y l  p - n i  t r o ­
ph en y lp h o  s p h o n a te s  a r e  r e a d i l y  a v a i l a b l e  i n  h ig h  y i e l d s  
and , i f  n e c e s s a r y ,  on a l a r g e  sc a le *  A s i m i l a r  s i t u ­
a t i o n  e x i s t s  i n  th e  c a s e  o f  th e  o t h e r  p h o s p h in a te s  and 
p h o sp h in e  o x id e s  f o r m e d  b y  th e  u s e  o f  d i f f e r e n t  t e r v a l e n t  
p h o sp h o ru s  r e a g e n t s .  F u r t h e r  s y n th e s e s  from  t h e s e  
m a t e r i a l s  a r e  o f  c o u r s e  p o s s i b l e ,  and i n v e s t i g a t i o n s
oof) 991have  been  c a r r i e d  o u t  i n  t h i s  D epartm ent'"  ^  “ on 
t h e  v a r io u s  d e r i v a t i v e s  p r o d u c e d  by r e d u c t i o n  o f  t h e  
r e m a in in g  n i t r o - g r o u p ,  and b y  d i a z o t i s a t i o n  u n d e r  
d i f f e r e n t  c o n d i t i o n s  o f  th e  r e s u l t i n g  amino-compound* 
H y d ro ly s i s  o f  t h e  e s t e r s  bjr h e a t i n g  u n d e r  r e f l u x  w i th  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  g iv e s  Q u a n t i t a t i v e  
y i e l d s  o f  th e  f r e e  a c id s*
I h e n  p - d i n i t r o b e n z e n e  i s  r e p l a c e d  by 1 , 2 , I f . - t r i n i t r o ­
b e n z e n e ,  th e  r a t e  o f  th e  r e a c t i o n  w i th  t e r v a l e n t
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p h o sp h o ru s  r e a g e n t s  i n c r e a s e s  r a p i d l y  and  may, i n  th e  
c a s e  o f  e t h y l  d ip h e n y l p h o s p h i n i t e ,  f o r  exam p le , become 
d i f f i c u l t  to  c o n t r o l*  P ro v id e d ,  how ever, t h a t  
e x c e s s iv e  c h a r r i n g  o f  p r o d u c t s  does  n o t  t a k e  p l a c e ,  a 
s i m i l a r  ra n g e  o f  p r o d u c t s  may be i s o l a t e d *
The h a lo g e n  i n  c h l o r 0-2,1;.-d i n i t r o b e n z e n e  i s  
s u f f i c i e n t l y  a c t i v a t e d  f o r  d is p la c e m e n t  by  t r i e t h y l  
p h o s p h i t e  to  o c c u r ,  a s  above* T h is  i s  n o t  s o ,  how ever, 
i n  th e  r e a c t i o n  o f  o ^ ^ c h lo ro n i t ro b e n z e n e . A lth o u g h , 
u n d e r  ex trem e  c o n d i t i o n s ,  th e  h a lo g e n  i s  d i s p l a c e d ,  as  
shown by th e  fo r m a t io n  o f  e t h y l  c h l o r i d e ,  t h e r e  i s  no 
e v id e n c e  f o r  th e  fo r m a t io n  o f  d i e t h y l  o - n i t r o p h e n y l ­
p h o sp h o n a te*
An i n t e r e s t i n g  e x t e n s i o n  o f  th e  r e a c t i o n  to  a 
h e t e r o c y c l i c  sy s tem  in v o lv e s  th e  r e a c t i o n  o f  2 - n i t r o -  
p y r i d i n e —R -o x id e  w i th  t r i e t h y l  p h o s p h i t e ,  th e  main 
p r o d u c t  b e in g  2-pyrid ; '?-lphosphonate  ( l0 2 )  ;
(BbO>3P ^
+ (EtO) ro"  l i ,
6“ (102)
The d i f f i c u l t y  o f  p r o p a r i n g  th e  s t a r t i n g  m a t e r i a l  
p r e c lu d e d  any f u r t h e r  s tu d y  o f  t h i s  r e a c t i o n .
F o l lo w in g  th e  p u b l i c a t i o n  o f  a  b r i e f  r e p o r t  o f  
2Z2t h i s  work, two co m m un ica tio ns  have  a p p e a re d  w hich
-R»





( a )  R» =
(■b) R’ 
(c )  R "
R "  
= ROg,
: H
R’ * = H
= ROg, r ’ t= h




desG3?i'be a p p a r e n t l y  s i m i l a r  r e a c t i o n s  i n  r a t h e r  more
complex c a se s*  S ie p e r  i s o l a t e d  d i e t h y l  j o - n i t r o -
ph en y lp h o  sp h o n a te  (l5?o) and tv;o i s o m e r ic  o t h y ln a p th o -
tr ia z in c v S  a s  h y - p r o d u c t s  i n  th e  p r e p a r a t i o n  o f  a new
t e t r a - a s a p e n t a l e n e ,  from  th e  r e a c t i o n  o f
( 2 -n i t r o p h e n y l ) - n a p h th o j^ l« ‘8-deJ - 1 ,  2, 3 ^ t r i a s i n e  w i th
t r i e t h y l  p h o s p h i t e  (Scheme 2 1 )♦ He a l s o  fo u n d  t h a t  th e
s u b s t i t u t i o n  r e a c t i o n  was f a v o u re d  when th e  and
2 , 6“< d in itro -co m p o u n d s  were u s e d  i n  p l a c e  o f  th e  o -^ n i t ro -
compound* However, t h e  l e n g th y  p r o c e s s  o f  s e p a r a t i o n
hy p a r t i t i o n  o f  th e  r e a c t i o n  p r o d u c t s  i n  a h e x a n e /
m e th a n o l /w a te r  s o l v e n t  sy s te m , fo l lo w e d  e v e n t u a l l y  hy
p r e p a r a t i v e - s c a l e  g , l # c # , does n o t  r e a l l y  s u g g e s t  t h i s
a s  a c o n v e n ie n t  m ethod o f  s y n t h e s i s  o f  d i e t h y l  p - n i t r o -
2 2*^ph en y lp h o  sp h ona te*  o - D in i t r o h e n z e n e  i s  a l s o  more
r e a d i l y  a v a i l a b l e  as  a s t a r t i n g  m a t e r i a l  f o r  t h i s  
r e a c t i o n *
D i e t h y l  p - n i t r o p h e n y lp h o s p h o n a te  was a l s o  i s o l a t e d  
in  low y i e l d  from  th e  p r e p a r a t i o n  o f  1 3 - o x o b e n s o t r i a z o lo  
1^2,1 -b j  b e n s o |^ l ,  2 -eJ t r i a z i n e  by  r e a c t i o n  o f  3, h - d ih y d r o -  
U--0X0-1, 2, 3 - b e n z o t r i a z i n e  and t r i e t h y l  p h o s p h i t e  
( Scheme 22) * In  b o th  t h i s  c a s e ,  and t h a t  d e s c r ib e d  
p r e v i o u s l y ,  i t  i s  r e a s o n a b le  to  suppose t h a t  th e  b u lk y  
t r i a z i n e  r e s i d u e s  a c t e d  a s  l e a v i n g  g ro u p s ,  i n  th e  sajiie
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m anner as  th e  r e p l a c e d  n i t r o - g r o u p  in  p - d in i t r o b e n z e n e »  
(b) Mechanism o f  t h i s  r é a c t i o n *  The r e a c t i o n  o f  
t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  o - d i n i t r o b e n z e n e  
a p p e a rs  to  in v o lv e  d i r e c t  a ro m a tic  n u c l e o p h i l i c  sub­
s t i t u t i o n  by  th e  p h o sp h o ru s  r e a g e n t  w i th  e l i m i n a t i o n  o f  
th e  n i t r o - g r o u p  a s  e t h y l  n i t r i t e  :
jTr OoO—E t
. w
+ (E tO )^ P — ^
,<ÿ=\<PO(OBt)
+ EtONO
I f  a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  ^  in v o lv e d ,  
i t  would be  e x p e c te d  t h a t  th e  e a s e  o f  r e a c t i o n  would 
v a r y  c o n s i d e r a b l y  w i th  t h e  a c t i v a t i n g  e f f e c t  o f  th e  o t h e r  
s u b s t i t u e n t s ,  and w i th  th e  m o b i l i t y  o f  th e  l e a v i n g  g ro u p , 
a s  w e l l  a s  w i th  th e  n u c l e o p h i l i c i t y  and s t r u c t u r a l  
f e a t u r e s  o f  th e  p h o sp h o ru s  re a g e n t*  T hese d i f f e r e n t  
f a c t o r s  w i l l  be exam ined  in  t u r n  h e r e ,  f i r s t l y  f o r  
a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n  in  g e n e r a l ,  and 
s e c o n d ly  in  r e l a t i o n  to  th e  s p e c i f i c  e x p e r im e n ts  
c a r r i e d  o u t  i n  th e  c o u r s e  o f  t h i s  s tu d y .
( i ) M o b i l i ty  o f  d i f f e r e n t  l e a v i n g  g ro u p s  i n  a ro m a tic  
n u c l e o n h i l i c  s u b s t i t u t i o n .  % i l e  th e  im p o r ta n c e  o f  
e l e c t r o p h i l i c  a ro m a t ic  s u b s t i t u t i o n  h a s  b ee n  r e c o g n i s e d  
f o r  some c o n s i d e r a b l e  t im e ,  th e  s tu d y  o f  a ro m a t ic
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n u o l e o p i i i l i c  s u b s t i t u t i o n  h a s  b een  u n d e r ta k e n  r e l a t i v e l y
228 226re c e n t ly ®  The s u b j e c t  h a s  b een  re v ie w e d  by B u n n e tt  ^  
i n  1951? and a g a in  in  1958* I n  c o n t r a s t  to  e l e c t r o -  
p h i l i c  a ro m a t ic  s u b s t i t u t i o n ,  i t  sh o u ld  be n o te d  f i r s t l y ,  
t h a t  h^rdrogen i t s e l f  i s  r a r e l y  r e p l a c e d ,  th e  r e p l a c e a b l e  
g ro u p s  o r d i n a r i l y  b e in g  h a lo g e n  atoms o r  o t h e r  g ro u p s  
c a p a b le  o f  r e a s o n a b le  s t a b i l i t y  a s  a n io n s ;  s e c o n d ly ,  
t h a t  i t  i s  u s u a l l y  d i f f i c u l t  to  in d u ce  an a ro m a tic  
n u c l e o p h i l i c  s u b s t i t u t i o n  to  o c c u r ,  u n l e s s  t h e r e  i s ,  i n  
a d d i t i o n  to  th e  r e p l a c e a b l e  g ro u p , some a c t i v a t i n g  
s t r u c t u r e ,  su ch  a s  a s u b s t i t u e n t  g roup  ( e . g .  n i t r o -  
g ro u p ) ,  a h e t e r o c y c l i c  n i t r o g e n  atom, o r  some o t h e r  
s t r u c t u r a l  f e a t u r e  c a p a b le  o f  w ith d ra w in g  e l e c t r o n s  from  
th e  a ro m a tic  sy s tem ; t h i r d l y ,  t h a t  s in c e  commonly 
a v a i l a b l e  compounds seldom  p o s s e s s  more th a n  one g roup  
r e p l a c e a b l e  by  n u c l e o p h i l i c  s u b s t i t u t i o n ,  i t  i s  n o t  
m e a n in g fu l  to  d i s c u s s  th e  " d i r e c t i n g  pow ers"  o f  sub­
s t i tu e n t s ®  I f  th e  g roup  i n  q u e s t io n  i s  s u f f i c i e n t l y  
a c t i v a t e d ,  i t  w i l l  be r e p l a c e d  by an a p p r o p r i a t e  
r e a g e n t ,  b u t  i f  i t  i s  n o t  s u f f i c i e n t l y  a c t i v a t e d ,  no 
r e a c t i o n  w i l l  o c c u r ,  by t h i s  r o u t e  a t  l e a s t .
I n t e r e s t  i n  r e c e n t  y e a r s  h a s  c e n t r e d  upon th e  
r e l a t i v e  e a s e  o f  d i s p la c e m e n t  o f  d i f f e r e n t  s u b s t i t u e n t s  
from  a ro m a tic  s y s te m s ,  and upon th e  n a t u r e  o f  th e
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t r a n s i t i o n  s t a t e  i . e .  a s  to  w h e th e r  th e  r e a c t i o n s  a r e ,  
i n  g e n e r a l ,  t in im o le c u la r  S ^^l- type , o r  o n e -  o r  tw o - s ta g e  
h im o le o u la r  S^^2-t5n?© r e a c t i o n s  v i a  an i n t e r m e d i a t e  
complex* A t h i r d  p o s s i b i l i t y ,  t h a t  o f  t h e  é l i m i n a t i o n -  
a d d i t i o n  (b e n sy n e )  m echanism , does n o t  a p p e a r  to  be 
r e l e v a n t  h e r e  * The u n im o le c u la r  r e a c t i o n  m echanism
PP7h a s  b ee n  p ro p o s e d  by  Ohapman e t  a l . ,  ' b u t  i t  i s  w e l l -
e s t a b l i s h e d  o n ly  f o r  th e  th e rm a l  d e c o m p o s i t io n  o f  d i a s o -
nium  c a t i o n s  i n  aqueous s o l u t i o n ,  " '  " and t h i s  to o
h a s  been  s h o rn  to  be more c o m p l ic a te d  th a n  was o r i g i n a l l y  
229supposed* The c h o ic e ,  i n  b ia n o le c u la r  d i s p la c e m e n t s ,  
b e tw een  s y n c h ro n o u s ,  o n e - s t a g e  p r o c e s s e s ,  a s  i n
O %As u b s t i t u t i o n  a t  a s a t u r a t e d  c a rb o n  atom , and tw o- 
s t a g e  p r o c e s s e s  in v o lv in g  a  complex t e t r a h e d r a l  i n t e r ­
m e d ia te  h a s  a g a in  been  d i s c u s s e d  a t  l e n g t h .  G o n s id e ra b le
k i n e t i c  e v id e n c e  c o n s i s t e n t  w i th  t h i s  l a t t e r  p r o c e s s
226 2'^’îh a s  however b e e n  ac c u m u la te d  by B u n n e t t ,  '
J o l m s o n , P i e t r a , a n d  o t h e r s . T h e  i s o l a b l e
com plexes s t u d i e d  by  M eisenheim er" a r e  a n a lo g o u s  to
t h e s e  i n t e r m e d i a t e s .  On th e  o t h e r  h and , th e  o n e - s t a g e
sy n ch ro n o u s  m echanism  h a s  b ee n  p ro p o s e d  by  P a r k e r  and
2*^ 6h i s  c o -w o rk e rs  t o  e x p l a i n  th e  r e l a t i v e  e a s e  o f  
d i s p la c e m e n t  o f  d i f f e r e n t  g ro u p s  from  s u b s t i t u t e d  
a ro m a tic  compounds (TABLiH 9 ) *
However, w h a te v e r  t h e  mechanism , th e  k i n e t i c  
e v id e n c e  from  a v a r i e t y  o f  e x p e r im e n ts  i s  s u f f i c i e n t l y  
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TABLE 8
A pprox im ate  o r d e r  o f  d e c r e a s in g  m o b i l i t y  o f  l e a v i n g  g ro u p s  
F > ÏÏOg »  01 , B r, I ,  OSOgR, -NRg'*', OAr, OR, SOgR, RHg
9. O2ÎT J + pyrid ine/M eO H  
X m o b i l i t y  ROg > F > > B r > C l > I
TABLE 10
A c t i v a t i n g  g ro u p s
> '^R~0“




ITo > NO > NO,
TABLE 11
A c t i v a t i n g  g ro u p s  in  o r d e r  o f  d e c r e a s in g  a c t i v a t i n g  
power
, , \  +-GRg+j m ,  -NO, -ROgj^N, -SOgMe, - M e ^ ,  -O F^, -OOR,
—ONj —OOOHÿ —SO^  5 —01 j —Br^  — —Pli*
D e a c t i v a t in g  g ro u p s  ( i n  p - p o s i t i o n )  i n  o r d e r  o f  d e c r e a s in g  
d e a c t i v a t i n g  power*
■RHp, -OH, - M e g ,  -O B t, -O le ,  -Me, -Ba , - F ,  -H.




o r d e r  o f  r e a c t i v i t y  o f  R 2- y  h-  \  3 -  (c  ^ i n d u c t i v e  e f f e c t )
r a t e  o f  r e a c t i o n  R = I4.-NO0 R-Br 4 -0 1  1 .2 > a t  20
k = 1100 1 .2  1 J
R = 2-NO 2 4-NOg 3-NOg 2-Bï* 4 -B r
k  = 6900  660 39 2 .2 0  0 .6 0
R + p ip e r id in e /B tO H
6“ R = 2-B r 2-NOg 4 -B r 4-NOg
k  = 7 .1  5400  1 .9  3 .2
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t h e  d i f f e r e n t  g ro u p s  in  a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n ,
B u n n e t t  e t  a l . s t u d i e d  th e  ’’e le m e n ta l  e f f e c t ” o f  
v a r y in g  th e  1 - s u h s t i t u e n t  i n  a s e r i e s  o f  2 , I { . -d in i t r o -
h e n z e n e s ,  w i th  d i s p la c e m e n t  o f  t h i s  1 - s u b s t i t u e n t  by
. . 2'^5p i p e r i d i n e  i n  m e th a n o l ,  (TABLE 7 ) * E lsew h e re  he
r e p o r t e d  a s i m i l a r  o r d e r  o f  d e c r e a s in g  m o b i l i t y
8 ) # P a r k e r  and Read c o n s id e r e d  th e  m o b i l i t y  o f
th e  1 - s u b 81 i t u e n t  i n  a s e r i e s  o f  2 , 6 - d i n i t r o b e n z e n e s  i n
th e  p r e s e n c e  o f  p y r i d i n e  and e th a n o l  (TABLE 9 ) »
Jo h n so n , i n  a s tu d y  o f  th e  n u c l e o p h i l i c  d i s p la c e m e n t
o f  h a lo g e n s  and n i t r o - g r o u p s  from  s u b s t i t u t e d  p y r i d i n e -
g - o x i d e 8, h a s  d i s c u s s e d  b o th  th e  g e n e r a l  a c t i v a t i n g
e f f e c t  o f  th e  d i f f e r e n t  s u b s t i t u e n t s  and s t r u c t u r a l
f e a t u r e s ,  u n d e r  v a r i o u s  c o n d i t i o n s  ( TABLE l o ) , and
a l s o  th e  o v e r a l l  s u s c e p t i b i l i t y  o f  th e  l e a v i n g  g ro u p s
to  n u c l e o p h i l i c  a t t a c k  by sodium e th o x id e  i n  an liydrous
e t h a n o l ,  and by  p i p e r i d i n e  i n  e th a n o l  ( TABLE 1 2 ) ,
P i n a l l y ,  i n  t h i s  b r i e f  re v ie w , a c t i v a t i n g  and
d e a c t i v a t i n g  g ro u p s  i n  a ro m a tic  sy s tem s  have been
t a b u l a t e d  by B u n n e t t ,  i n  ap p ro x im a te  o r d e r  o f  e f f e c t
( ta b le  11) .
The s i m i l a r i t y  b e tw een  th e  k i n e t i c  s t u d i e s  
( tables 7 -12) and th e  e x p e r im e n ta l  work d e s c r i b e d  h e r e i n  
( tables 5 -6 )  i s  now a p p a r e n t .  I t  m ust how ever be 
em p h a s ise d  a t  t h i s  p o i n t  t h a t ,  a l th o u g h  th e  e x p e r im e n ta l  
r e s u l t s  now d e s c r i b e d  from  th e  r e a c t i o n  o f  t e r v a l e n t
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p h o sp h o ru s  r e a g e n t s  with, s u b s t i t u t e d  n i t r o b e n z e n e s  do 
b e a r  a c l o s e  q u a l i t a t i v e  r e l a t i o n s h i p  w i th  th e  k i n e t i c  
s t u d i e s  m en tio n e d  b r i e f l y  i n  th e  p r e v io u s  p a r a g r a p h s ,  
th e  c o n d i t i o n s  o f  r e a c t i o n  a r e  v e r y  d i f f e r e n t  and c a r e  
m ust be e x e r c i s e d  i n  e x t r a p o l a t i n g  r e s u l t s  o b ta in e d  
fro m , p e r h a p s ,  o - c h lo r o n i t r o b e n z e n e  and p i p e r i d i n e  i n  
m e th a n o l  a t  20^, t o  th e  c o r r e s p o n d in g  r e a c t i o n  in  an 
e x c e s s  o f  t r i e t h y l  p h o s p h i t e  a t  150°* The h y p o t h e s i s ,  
how ever, re m a in s  u s e f u l  i n  t h i s  d i s c u s s i o n .
( i i )  V a r i a t i o n s  o f  r e a c t i v i t y  o f  th e  t e r v a l e n t  p h o sp h o ru s  
r e a g e n ts *  T e r v a l e n t  p h o sp h o ru s  r e a g e n t s ,  i n  p a r t i c u l a r  
t r i a l k y l  p h o s p h i t e s ,  have  b ee n  w id e ly  s t u d i e d - a s  
n u c l e o p h i l i c  r e a g e n t s .  E ab a ch n ik ^ ^ ^  h a s  q u o te d  th e  
f o l l o w i n g  r e a c t i v i t y  s e r i e s  e s t a b l i s h e d  f o r  th e  
A rbusov  r e a c t i o n ,  b u t  a p p l i c a b l e  to  o t h e r  n u c l e o p h i l i c  
r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  (R ^P )«
r e a c t i v i t y  o f  R^P; R = a l k y l > R = a r y l  )  R = a lk o x y  
r e a c t i v i t j r  o f  p h o s p h i t e s :  MeO > EtO > n - P r O > n-BuO
A k s n e s , h o w e v e r ,  h a s  sho\m  t h a t  t r i - i s o p r o p y l
p h o s p h i t e  r e a c t s  w i th  e t h y l  io d id e  c o n s i d e r a b l y  f a s t e r
239th a n  do es  t r i e t h y l  p h o s p h i t e ,  and 21ark and Van Wazer
have  shovvii t h a t  t r i —t e r t —b u t y l  p h o s p h i t e  i s  p ro b a b ly
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t h e  m ost s t r o n g l y  n u c l e o p h i l i c  t r i a l k y l  p h o s p h i t e .  
These l a s t  two r e s u l t s  s u g g e s t  t h a t  th e  n u c l e o p h i l i c  
r e a c t i v i t y  i s  c o n t r o l l e d  l a r g e l y  by  th e  com bined 
i n d u c t i v e  e f f e c t s  o f  th e  s u b s t i t u e n t s ,  i n  th e  ab sen ce  
o f  any m ajo r s t e r i c  e f f e c t s .  A ksnes^^^  h a s  a l s o  
q u o te d  th e  r e l a t i v e  r a t e s  o f  r e a c t i o n  o f  d i f f e r e n t  
t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  e t h y l  io d id e  a t  6o°
R e a g S t™ ^  PhjB  PhgPOBt PhP(O B t)g (BtO)^P
i o \ 5 .1 8  2 ,3 9  1 .7 9  0 .2 0
The s t r e n g t h  o f  th e  P=0 bond form ed  h a s  been  
d e s c r i b e d  a l r e a d y  a s  one o f  th e  p r i n c i p a l  d r i v i n g  
f o r c e s  f o r  t h e s e  r e a c t i o n s .  In  t h i s  c o n n e c t io n  i t  s h o u ld  
a l s o  be n o te d  t h a t  th e  fo rm a t io n  o f  an e x t r e m e ly  s t a b l e  
t r i p h e n y lp h o s p h in e  o x id e  d e r i v a t i v e  from  th e  r e a c t i o n  
o f  o - d in i t r o b e n z e n e  w i th  e t h y l  d ip h e n y lp h o  s p h i n i t e  
w ould  be l i k e l y  to  i n c r e a s e  th e  v ig o u r  o f  t h i s  r e a c t i o n :  
t h i s  was in d e e d  fo u n d  to  be so .
( i i i )  R e a c t io n s  i n v o l v in g  a ro m a tic  n u c l e o p h i l i c  
s u b s t i t u t i o n  by t e r v a l e n t  p h o sp h o ru s  r e a g e n t s .  (TABLE 5) 
The r e a c t i o n  be tw een  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  and 
o - d i n i t r o b e n z e n e  may now be seen  to  be i n  c l o s e  a c c o rd  
w i th  t h a t  e x p e c te d  on th e  b a s i s  o f  g e n e r a l  d a t a  f o r
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nuoD .eoph ilic  a ro m a t ic  s u b s t i t u t i o n .  As a l e a v in g
g ro u p ,  th e  n i t r o - g r o u p  i s  secon d  o n ly  to  th e  f l u o r i n e
atom i n  m o b i l i t y ;  a s  an a c t i v a t i n g  g ro u p ,  i t  i s  th e
s t r o n g e s t  a c t i v a t i n g  g roup  t h a t  i s  r e l a t i v e l y  s t a b l e
u n d e r  th e  n o rm al c o n d i t i o n s  o f  n u c l e o p h i l i c  s u b s t u t u t i o n  
22Br e a c t i o n s .  E q u a l ly  im p o r ta n t ,  in  th e  c a s e  o f  r e a c t i o n
w i th  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s ,  th e  two s u b s t i t ­
u e n t s  a r e  e q u i v a l e n t  i n  e v e ry  way: th e  r e a c t i o n  and 
p r o d u c t s  a r e  th e  same w h ichever o f  th e  two g ro u p s  i s  
d i s p l a c e d .  T here  i s  a  sm ooth r e a c t i o n  w i th  t r i a l k y l  
p h o s p h i t e s  i n  s o l u t i o n  to  g iv e  h ig h  y i e l d s  o f  th e  
c o r r e s p o n d in g  d i a l k y l  o -n i t ro p h e n y lp h o s p h o n a te e  i n  th e  
ab se n ce  o f  s o l v e n t ,  th e  r e a c t i o n  i s  v e r y  r a p i d .  T here  
i s  no e v id e n c e  f o r  th e  i n d u c t i o n  o r  c a t a l y s i s  o f  t h i s  
r e a c t i o n  by l i g h t .  D ie th y l  m e th y lp h o s p h o n i te  r e a c t s
sm oo th ly  to  g iv e  e t h y l  m e th y l - o - n i t r o p h e n y lp h o s p h in a t e  
u n d e r  m i ld e r  c o n d i t i o n s .  T h is  in c re a .s e cl. a c t i v i t y  i s  
a s  d e s c r i b e d  by  A l c s n e s . A  s i m i l a r  r e a c t i v i t y  o f  t h i s  
r e a g e n t  h a s  b een  o b s e rv e d  d u r in g  i t s  use  as  an a g e n t  f o r  
th e  d e o x y g e n a t io n  o f  2 - n i t r o b i p h e n y l . T h e  r e a c t i o n  
w i th  e t h y l  d i p h e n y lp h o s p h in i t e  i s  more v ig o ro u s  s t i l l ,  
p re su m a b ly ,  as  s t a t e d  a l r e a d y ,  a id e d  by th e  c o n s i d e r a b l e  
s t a b i l i t y  o f  th e  r e s u l t i n g  d i p h o n y l - o - n i t r o p h e n y l -  
pho sp h in e  o x i d e •
Iko
T r i a l k y l  p h o s p h a te s ,  and c o r r e s p o n d in g  compounds 
c o n t a i n i n g  th e  P=:0 g roup  have  "been r e c o v e r e d  from  a l l  
th e  r e a c t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n ;  th e  o r i g i n  
o f  th e  oxygen may be a tm o s p h e r ic ,  d e s p i t e  th e  a tm os­
p h e re  o f  n i t r o g e n  in  w hich  th e  r e a c t i o n s  a r e  p e r fo rm e d ,  
o r  may be from  s i d e - r e a c t i o n s  in v o lv in g  d e o x y g e n a t io n  
o f  one o r  more o f  th e  n i t r o - g r o u p s  i n  t h e  m o le c u le .
The p r o d u c t s  o f  t h i s  d e o x y g e n a t io n  a re  n o t  fo rm ed  in  
s u f f i c i e n t  q u a n t i t y ,  how ever, to  be i s o l a b l e  from  th e  
t a r r y  m a t e r i a l  a l s o  fo rm ed  i n  th e  c o u r s e  o f  th e  
r e a c t i o n .
In  th e  r e a c t i o n s  w i th  1 , 2 , i j . - t r i n i t r o b e n z e n e ,  a 
c o n s id e r a b l e  a c c e l e r a t i o n  o f  th e  r e a c t i o n  i s  o b s e rv e d ,  
p re su m a b ly  due to  t h e  i n c r e a s e d  a c t i v a t i o n  o f  th e  
l e a v i n g  g roup  by  th e  a d d i t i o n a l  n i t r o - g r o u p .  T h is  
a c t i v a t i o n  i s  s u f f i c i e n t  to  m a in ta in  n u c l e o p h i l i c  
a ro m a t ic  s u b s t i t u t i o n  as  th e  f a v o u re d  r e a c t i o n  p a t h ,  
a l th o u g h  t h e r e  a r e  now f u r t h e r  p o s s i b i l i t i e s  f o r  
r e a c t i o n  ( i . e .  a n o th e r  r e a c t i v e  n i t r o - g r o u p  i s  p r e s e n t ,  
and  th e  n i t r o - g r o u p s  a r e  no lo n g e r  e q u i v a l e n t ) .  W ith  
e t h y l  d ip h e n y lp h o  s p h i n i t e , th e  r e a c t i o n  becomes too  
v ig o r o u s ,  u n d e r  th e  c o n d i t i o n s  em ployed, and no p r o d u c t s  
have  been  i s o l a t e d .
A s i m i l a r  " o v e r - r e a c t i v i t y ” may b e  th e  r e a s o n  f o r
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t h e  p o o r  y i e l d  o f  d i e t h y l  o -n i t r o p h e n y lp h o s p h o n a te  
from  th e  r e a c t i o n  o f  p - d i n i t r o h o n z e n e  w i th  ^ s o d i u m  
d i e t h y l  p h o s p h i t e ,  e x p e c te d  to  he a s t r o n g e r  n u c le o ­
p h i l e  th a n  t r i o t h y l  p h o s p h i t e  i n  t h i s  r e a c t io n *  I t  i s  
p o s s i b l e  t h a t  b o th  n i t r o - g r o u p s  a r e  d i s p l a c e d ,  o r  t h a t  
t h e r e  i s  i n t e r a c t i o n  w i th  th e  s o l v e n t  a c e t o n i t r i l e ,  o r  
t h a t  o t h e r  p r o d u c t s ,  su ch  as  sodium n i t r i t e ,  i n t e r f e r e  
w i th  th e  c o u r s e  o f  th e  r e a c t io n *
The r e a c t i o n  o f  2 - n i t r o p y r i d i n e - g - o x i de w i th
t r i e t h y l  p h o s p h i t e  g iv e s  a good y i e l d  o f  d i e t h y l
2 -p y r id y lp h o s p h o n a te  ( l 0 2 ) . T h is  i s  i n  a c c o rd  w i th
Johnsons^  o b s e r v â t i o n s o n  th e  h ig h  m o b i l i t y  o f  th e
2 -n i t i? o -g ro u p  in  s u b s t i t u t e d  p y r i d i n e - g - o x i d e s , and
w i th  th e  n o te d  e a s e  o f  th e  d e o x y g e n a t io n  o f  such
16compounds by  t e r v a l e n t  p h o sp h o ru s  r e a g e n ts *  The 
d is p la c e m e n t  i s  n o t  o b se rv e d  w i th  t r i o t h y l  p h o s p h i t e  
and 2 - n i t r o p y r i d i n e : th e  d e o x y g e n a t io n  r e a c t i o n  i s  
t h e r e f o r e  p re su m a b ly  p r e c e d e d  by th e  n u c l e o p h i l i c  
d i s p la c e m e n t  o f  th e  n i t r o - g r o u p .
G h lo r o - 2 , 4 - d in i t r o b e n z e n e  i s  th e  o n ly  compound 
fo u n d ,  so f a r ,  where th e  h a lo g e n  i s  s u f f i c i e n t l y  
a c t i v a t e d  to  be d i s p l a c e d  by  t r i e t h y l  p h o s p h i t e .  
However, th e  a c t i v a t i o n  i s  i n s u f f i c i e n t  to  m a in ta in  
t h i s  as  th e  o n ly  r e a c t i o n  p a th  and a ntunber o f
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m i i d e n t i f l e d  m ino r p r o d u c t s  a r e  fo rm ed , p re su m a b ly  by 
co m p e tin g  d e o x y g e n a t io n  r e a c t i o n s *
The r e a c t i o n  o f  t r i o t h y l  p h o s p h i t e  w i th  4*-inethyl- 
2 ^ - n i t r o d ip h e n y l s u lp h o n e  i s  s i m i l a r  to  t h a t  d e s c r i b e d  
ab o v e . A lth o u g h  th e  g r e a t e r  p a r t  o f  t h e  r e a c t i o n  
m ix tu r e  becomes a v i s c o u s  t a r ,  a low y i e l d  o f  d i e t h y l  
£ - n i t r o p h e n y lp h o s p h o n a te  h a s  been  i s o l a t e d ;  t h i s  i s  
p re su m a b ly  fo rm ed  by  n u c l e o p h i l i c  d i s p la c e m e n t  o f  th e  
a r y l s u l p h o n y l  g roup  * The m o b i l i t y  o f  t h i s  g roup  i s ,  
how ever, c o n s i d e r a b l y  l e s s  th a n  t h a t  o f  th e  n i t r o -  
g ro u p .
( i v )  R e a c t io n s  n o t  show ing a ro m a tic  n u c l e o p h i l i c  
s u b s t i t u t i o n  by  t e r v a l e n t  p h o sp h o ru s  r e a g e n ts *  (TABLE 6) 
The f a i l u r e  o f  n i t r o b e n z e n e ,  m - d in i t r o b o n z e n e ,  
o - c h lo r o n i t r o b e n z e n e , 2 - n i t r o p y r i d i n e  and 4 - n i t r o p y r i d i n e -  
o x id e  to  r e a c t  w i th  a v a r i e t y  o f  t e r v a l e n t  p h o sp h o ru s  
r e a g e n t s  by th e  p r o c e s s  o f  a ro m a tic  n u c l e o p h i l i c  
s u b s t i t u t i o n ,  may be s a f e l y  a s c r i b e d  to  th e  lo w er 
m o b i l i t y  o f  th e  p o t e n t i a l  l e a v i n g  g ro u p s  (TABLES 7 - 1 2 ) *
As was s t a t e d  e a r l i e r ,  i f  t h e r e  i s  i n s u f f i c i e n t  
a c t i v a t i o n  o f  th e  " r e p l a c e a b l e ” g ro u p , th e n  no 
d i s p la c e m e n t  r e a c t i o n  w i l l  o c c u r .  F u r t h e r ,  i n  r e a c t i o n s  
w i th  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s ,  o t h e r  r o u t e s  w i l l  
t h e n  i n c r e a s e  in  im p o r ta n c e  to  g iv e  a v a r i e t y  o f
o f . ^2  + (RO)^P
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p ro d u c ts *  T h a t  t h i s  i s  so ,  i s  e v in c e d  by  th e  q u a n t i t y  
o f  t a r r y  m a t e r i a l s  fo u n d  in  t h e s e  ’* u n sa t is fa c to ry ^ ^  
r e a c t io n S o
In  th e  c a se  o f  th e  a t t e m p te d  r e a c t i o n  w i th  
o - n i t r o b e n z e n e d ia z o n iu m  f l u o r o b o r a t e ,  th e  d iazon ium  
s a l t  g ro u p ,  a l th o u g h  th e  s t r o n g e s t  o f  th e  a c t i v a t i n g  
g ro u p s ,  does  i t s e l f  decompose v ig o r o u s l y  i n  th e  
p r e s e n c e  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n ts *  Thus 
a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n  i s  u n l i lc o ly  to  
t a k e  p la c e *
T r ip h e n y l -  and t r i b u t y l p h o s p h i n e ,  d e s p i t e  t h e i r  
g r e a t e r  n u c l e o p h i l i c i t y ,  would be e x p e c te d  to  g iv e  1 :1  
a d d u c ts  w i th  p o l y n i t r o b e n z e n e s ,  (c f*  Horner^^^'^'), r a t h e r  
th a n  to  show t h i s  form  o f  n u c l e o p h i l i c  s u b s t i t u t i o n *  
They w ould n o t ,  m o reo v e r ,  be  a b le  to  undergo  th e  f i n a l  
do a lk y 1a t  io n  to  th e  P=0 compound, w i th  th e  l o s s  o f  a 
s u b s t i t u e n t  i n  c o n j u n c t i o n  w i th  th e  n i t r i t e  l e a v i n g -  
g roup  (Scheme 2 3 )o
The v a r io u s  r e a c t i o n s ,  o r  l a c k  o f  r e a c t i o n ,  w i th  
n - d i n i t r o b o n z e n e  a r e  more d i f f i c u l t  t o  e x p la in *  The 
r e a s o n in g  as  to  m o b i l i t y ,  a c t i v a t i o n  and e q u iv a le n c e '^  
o f  th e  two g ro u p s  i s  a s  f o r  o - d in i t r o b e n z o n e *  The 
r e a c t i o n s  w ould t h e r e f o r e  be e x p e c te d  to  f o l lo w  s i m i l a r  
c o u rse s*  Two f u r t h e r  p o s s i b i l i t i e s  a r i s e ,  however*
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F i r s t l y ,  f o l l o w in g  a p o s s i b l e  n u c l e o p h i l i c  d is p la c e m e n t  
o f  one n i t r o - g r o u p ,  th e  seco n d  n i t r o - g r o u p  m igh t s t i l l  
be  v u l n e r a b l e  to  a t t a c k  by th e  e x c e s s  o f  th e  t e r v a l e n t  
p h o sp h o ru s  a g e n t  to  g iv e  e i t h e r  f u r t h e r  n u c l e o p h i l i c  
s u b s t i t u t i o n  o r  d e o x y g e n a t io n  to  th e  n i t r e n e ,  w i th  a l l  
th e  p o s s i b i l i t i e s  t h a t  t h a t  would e n t a i l ,  ( Scheme 2 4 ) # 
In  th e  c a s e  o f  o - d i n i t r o b e n z e n e  i t  may be a rg u e d  t h a t  
th e  seco n d  n i t r o - g r o u p  i s  s h i e l d e d  from  f u r t h e r  a t t a c k  
by  th e  a d j a c e n t  d i e t h y l  p h o sp h o n y l g ro u p ; th e  f a c t  t h a t  
th e  p r o d u c t  i s  r e c o v e r a b le  a t  a l l  from  an e x c e s s  o f  
t r i e t h y l  p h o s p h i t e  u n d e r  r e f l u x  i s  some e v id e n c e  f o r  
t h i s .
S e c o n d ly ,  su ch  d i s c r e p a n c i e s  i n  th e  b e h a v io u r  o f
o -  and p - s u b s t i t u t e d  compounds have b ee n  o b s e rv e d
p r e v i o u s l y  i n  a t t e m p te d  n u c l e o p h i l i c  a ro m a t ic
225s u b s t i t u t i o n s ,  B u n n e t t  r e p o r t e d  t h a t ,  w h i le  th e  
h y d r o l y s i s  o r  m e th a n o ly s i s  o f  a number o f  o -  and 
p - s u b s t i t u t e d  b enzen e  d e r i v a t i v e s  was s u c c e s f u l l y  
a c c o m p lish e d ,  in  th e  r e a c t i o n  o f  p - n i t r o b e n z o n i t r i l e ,  
t h e  n i t r o - g r o u p  was l a r g e l y  r e d u c e d ,  r a t h e r  th a n  
r e p l a c e d ,  by th e  e x c e s s  o f  e th o x id e ,  S i n i l l a r l y ,  w h i le  
sodium  s u lp h id e  a c t e d  on o - d i n i t r o b e n z e n e  to  p ro d u c e  
e i t h e r  th e  p—n i t r o t h i o p h e n o x i d e  io n  o r  th e  s y m m e tr ic a l  
s u lp h id e  o r  d i s u l p h i d e ,  th e  c o r r e s p o n d in g  r e a c t i o n s
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w ith  p - d i n i t r o b e n s e n e  a g a in  l e d  to  r e d u c t i o n  o f  th e  
n i t r o - g r o u p *
(v) O th er  p o s s i b l e  mechanisms* The l a c k  o f  a ro m a tic  
n u c l e o p h i l i c  s u b s t i t u t i o n  i n  th e  r e a c t i o n  w i th  
p - d i n i t r o b e n z e n e  com pared  to  th e  more s u c c e s s f u l  r e a c t i o n s  
w i th  o - d i n i t r o b e n z e n e ,  1 , 2 ,4 ^ t r in i t r o b e n . '3 e n e  and 
2 - n i t r o p y r i d i n e - g - o x i d e , s u g g e s t s  t h a t  t h e  n i t r o - g r o u p  
and  th e  g -o x  id e  f u n c t i o n  a d j a c e n t  to  th e  d i s p l a c e d  
n i t r o - g r o u p  may have  some im p o r ta n c e  o v e r  and above 
t h e i r  a c t i v a t i n g  e f f e c t *  In  a l l  o th e r  r e a c t i o n s  o f  
t e r v a l e n t  p h o sp h o ru s  r e a g e n t s ,  so f a r  c o n s id e r e d ,  w ith  
a ro m a tic  n i t r o s o - ,  n i t r o -  o r  c a rb o n y l  compounds, i n i t i a l  
a t t a c k  a t  th e  oxygen atom by p h o sp h o ru s  h a s  b een  
s u g g e s te d  (Scheme The fo r m a t io n  o f  a
n i t r e n e  i n t e r m e d i a t e  h a s  been  p ro p o s e d  f o r  a v a r i e t y  o f  
r e a c t i o n s  w i th  a ro m a t ic  n i t r o - c o m p o u n d s , y e t  t h e r e  
seems to  be  no i n d i c a t i o n  o f  i t s  p a r t i c i p a t i o n  i n  th e  
r e a c t i o n s  o f  £ - d in i t r o b e n z e n e  w i th  t e r v a l e n t  p h o sp h o ru s  
r e a g e n t s .  I t  h a s  now been  shown, in  th e  l a t t e r  h a l f  o f  
t h e  e x p e r im e n ta l  work d e s c r i b e d  h e r e i n ,  t h a t  an 
u n a c t i v a t e d  n i t r o - g r o u p  (e*g* i n  p - n i t r o t o l u e n e )  may 
a l s o  be d i s p l a c e d  by  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s :  
t h e r e  seems to  bo no l i k e l i h o o d  o f  a ro m a tic  n u c l e o p h i l i c  
s u b s t i t u t i o n  i n  t h i s  l a t t e r  c a s e  (a  mechanism i n v o lv in g
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a t t a c k  on an oxygen o f  th e  n i t r o - g r o u p ,  f o l lo w e d  by 
re a r ra n g e m e n t  th ro u g h  a fo u r -m e m b e re d - r in g  i n t e r m e d i a t e ,  
i s  d i s c u s s e d  i n  th e  f o l l o w in g  c h a p te r )*  However, w h i le  
i t  may be p o s s i b l e  to  f o r m u la te  i n t e r m e d i a t e s  (1 0 3 ) 
r e s u l t i n g  from  a t t a c k  by th e  p h o sp h o ru s  on an oxygen o f  
th e  n i t r o - g r o u p ,  t h e r e  i s  much g r e a t e r  d i f f i c u l t y  in  
p o s t u l a t i n g  a r e a c t i o n  mechanism t h a t  would l e a d  from  
t h i s  i n t e r m e d i a t e  t o  t h e  p r o d u c t s  w hich  have b een  
i s o l a t e d  from  th e  r e a c t io n *  I t  may be  t h a t  an 
i n v e s t i g a t i o n  i n  d e t a i l  o f  th e  m inor p r o d u c t s  o f  th e  
r e a c t i o n ,  and o f  t h e  k i n e t i c s  o f  th e  r e a c t i o n ,  w i l l  
d i f f e r e n t i a t e  more c l e a r l y  b e tw een  th e  v a r i o u s  p o s s i b i l i t i e s  
o f  mechanism f o r  t h i s  r e a c t io n *
2* R e a c t io n s  o f  q - A l k y l n i t r o s o -  and A lk y I n i t r o b e n z e n e s  
w i th  T e r v a l e n t  P h o sp h o ru s  R eagen ts*
The r e a c t i o n s  o f  a  ra n g e  o f  o - a l k y l n i t r o s o -  and 
a l k y l n i t r o b e n z e n e s  w i th  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
have  now been  s tu d ie d *  In  c o n t r a s t  to  th e  c o r r e s p o n d in g  
r e a c t i o n s  o f  o - d in i t r o b e n z e n e  and r e l a t e d  compounds, 
t h e s e  r e a c t i o n s  g iv e  r i s e  t o  a number o f  d i f f e r e n t  
p r o d u c t s ,  f r e q u e n t l y  i n  low y i e l d ,  and a l s o  to  a 
c o n s i d e r a b l e  q u a n t i t y  o f ,  a s  y e t ,  u n i d e n t i f i e d  t a r r y  
m a te r i a l *  Such b e h a v io u r  may i n d i c a t e  th e  p a r t i c i p a t i o n
W (0 )= N
4-
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SCHEME 26
phosphonate ( I I 3)
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o f  one o r  more r e a c t i v e  i n t e r m e d i a t e s ,  and i t  i s  
upon  t h e s e  p o s s i b l e  i n t e r m e d i a t e s  and upon th e  o v e r a l l  
mechanism  o f  th e  r e a c t i o n s ,  t h a t  i n t e r e s t  c e n t r e s .
The p r e p a r a t i v e  a s p e c t s  o f  t h e s e  r e a c t i o n s  w i l l  he 
d i s c u s s e d  b r i e f l y «
An. o u t l i n e  o f  th e  ty p e s  o f  p r o d u c t s  fo rm ed  i s  
g iv e n  i n  Scheme 26» The y i e l d s  o f  t h e s e  p r o d u c t s ,  from  
p a r t i c u l a r  r e a c t i o n s ,  a r e  d e t a i l e d  i n  TABLES 13 and  1 4 * 
The r e a c t i o n s  show many p r o d u c t s  i n  common, and 
th e  n a t u r e  o f  t h e s e  p r o d u c t s  i s  n o t ,  in  g e n e r a l ,  
a f f e c t e d  hy  a change i n  th e  a l k y l  s u b s t i t u e n t  i n  th e  
a ro m a tic  system * The p r o d u c t s  w i l l ,  t h e r e f o r e ,  be 
c o n s id e r e d  t o g e t h e r ,  where a p p l i c a b l e ,  u n d e r  th e  
g e n e r i c  names a t  t h e  h ead  o f  th e  ooluiTins i n  TABLES 
13 and 14» w i th  s t r u c t u r e s  a s  shown i n  Scheme 26 . Thus 
th e  ’p h o sp h o ram id a te*  (iXO) and th e  ^azep ine^  ( l l 2 )  
from  th e  r e a c t i o n  o f  t r im e th j r i  p h o s p h i t e  w i th  o - n i t r o -  
t o l u e n e ,  f o r  exam ple , sh o u ld  be  u n d e r s to o d  to  be 
d im e th y l  g -p -1 o ly I p h o s p h o r a m id a te  and d im e th y l  2 -m ethy l-  
5H*^azepin-7-yl?phospho.nate, r e s p e c t i v e l y .  F u l l  
s t r u c t u r e s  and n o m e n c la tu re  w i l l ,  o f  c o u r s e ,  be g iv e n  
where n e c e s s a r y .
In  g e n e r a l ,  t h e  p r o d u c t s  (104 -112) a r e  c o n s i s t e n t  
w i th  th e  h y p o th e s i s  t h a t  a n i t r e n e  i n t e r m e d ia t e  i s
TABLE 13 
N i t r o s o -Boïizene Re a g e n tP h o sp h o ru s  S o lv e n t  Azoxy A n i l  P h o sp h o r -  P h o sp h o r-Benzene im id a te  ami d a te
( 104 ) ( 105 ) ( 109 ) (1 1 0 )
o-Me (EtO) b en zen e W o  3- 59^ 9fo
o-Me (BtO)^P (EtO) PO 3 .1  18 I6<f, 1 0 .5
o -E t ( l t O ) , P b en zen e 49 5
o^Et (E tO ) ,P ( E t c ) ,P 0 7 19 20 .5 9 .1
TABLE 14
N i t r o ­
benzene P h o spho ru s  Re a g e n t Pho sp h o r  am idat e
( i W
N - a lk y l  -  pho s p h o r -  am ida te  
(111) Azep in eT112-)
Phosphon
(113)
0—Me (BtO)^P 250^ 1 3 . 5î^ 8 .5 ^ 0
e_—Me (MeO)gP 5 .3 3 0 .0 1 7 .8 0
o -E t (E tO )^P 2 3 .3 9 .7 7 .3
p—E t (BtO)^P 20-26 21-23 3 5-7%
p-Me 26 24 6 5
p—Me (MeO)^P * 5»k 26 8 .6 0
m— Me (E tO )^P ( 22 ) ( 27) 0 0
m-Me (MeO)^P (8 .5 ) ( 12 ) (? ) 0
o-OMe (M@0)gP * (12) ( 26) (? ) ( 2 .5 )
£-OMe (MGO)gP * 13 16 15 3 .0
£-OMe (E tO )^P (1 6 ) ( 23) (? ) ( 6 .0 )
‘^ y ie ld s  b a s e d  on r e a c t e d  n i t r o - c ompound (70-9CÇ? o f  t o t a l . )
( ) g . l . c .  e s t i m a t e s  and a n a l y s i s  o n ly  -- n o t  c o n f irm e d  hy  
i . r .  a n a l y s i s *
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fo rm ed  d u r in g  th e  c o u r s e  o f  th e  d e o x y g e n a t io n  r e a c t i o n .
In  a d d i t i o n ,  a n o v e l  d i s p la c e m e n t  o f  th e  n i t r o - g r o u p  from
p - n i t r o t o l u e n e  and r e l a t e d  compounds i s  r e p o r t e d :  i n
t h e s e  c a s e s  t h e r e  a p p e a r s  to  he no n e c e s s i t y  f o r
n i t r e n e  p a r t i c i p a t i o n ,  and a mechanism in v o lv in g  a  f o u r -
memhered i n t e r m e d i a t e  i s  p ro p o s e d ,  th e  p r o d u c t s  b e in g
th e  c o r r e s p o n d in g  d i a l k y l  a r y lp h o s p h o n a te s  ( I I 3 ) .
(a )  P r e p a r a t i v e  a s p e c t s  o f  th e  r e a c t i o n  w i th
o - a l k y I n i  t r o  sob en ze n e s  « The r e s u l t s  o f  e a r l i e r
72i n v e s t i g a t i o n s  o f  th e  r e a c t i o n s  o f  t e r v a l e n t  p h o s­
p h o ru s  r e a g e n t s  w i th  a lk y In i t ro s o -c o m p o u n d s  a re  confirm ed^ 
T r i e t h y l  p h o s p h i t e  r e a c t s  sm oo th ly  w i th  e q u im o la r  
q u a n t i t i e s  o f  o - a lk y I n  i t r o  sobenzene  s i n  b en zene  
s o l u t i o n  a t  0^ to  g iv e  good y i e l d s  (45“-5G^) o f  th e  
c o r r e s p o n d in g  2, 2 ^ -d ia lk y la z o x y b e n z o n e  ( l0 4 )*  In  
a d d i t i o n ,  th e  a n i l ,  N - p - a l k y l p h e n y l - 2 - a l k i m id y I p y r id in e  
(105 ) ,  i s  fo rm ed  i n  s m a l l e r  amounts (3-^5%) 9 t o g e t h e r  
w i th  a s i m i l a r  y i e l d  (5 $ ) o f  th e  d i a l k y l  N - a r y lp h o s -  
p h o ra m id a te  ( l i o ) • As th e  r a t i o  o f  t r i e t h y l  p h o s p h i t e  
t o  n i t ro s o -c o m p o u n d  i n c r e a s e s ,  so th e  t r i a l k y l  
N -a ry lp h o  sp h o r  im id a te  ( 109 , 16-20??), d i a l k y l  N - a r y l ­
pho s p h o ra m id a te  ( l l O ,  9-119?) and th e  a n i l  ( l 0 5 ,  18-19??) 
a r e  fo rm ed  a t  th e  ex p en se  o f  th e  azoxybensene  (1 04 ,
3*-7??)* T here  i s  no e v id e n c e ,  how ever, f o r  an .a b ru p t
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change of* mechanism  b e tw een  th e  two e x tre m e s  o f  
r e a c t i o n  c o n d i t io n s *  '  The azoxyhonzene i s  p r e s e n t ,  
i n  s m a l l  am ounts , even  i n  th e  v ig o ro u s  r e a c t i o n  o f  
£ - a lk y ln i t r o s o h e n z .e n e s  w i th  an e x c e s s  o f  t r i e t h y l  
p h o s p h i t e  i n  t r i e t h y l  p h o s p h a te  s o lu t io n *  T here  i s  no 
e v id e n c e  f o r  th e  f o r m a t io n  o f  th e  n i t r o n e ,  N - ( o - a l k y l -  
p h e n y l  )g ( - a lk y l- î :< - (2 -p y r id y l)  n i t  ro n e  ( l 0 6 ) , ^ ^  e i t h e r  
hy  g . l . c #  o r  hy p r o d u c t  a n a l y s i s .  In  th e  l i g h t  o f  
t h e s e  l a t t e r  s t a t e m e n t s ,  i t  a p p e a rs  to  he u n n e c e s s a ry  
t o  s u g g e s t ,  a s  d-oes S un d h erg , ' t h a t ,  i n  th e  r e a c t i o n  o f  
o - n i t r o s o t o l u e n e ,  t h e  asoxyhenzene  (lOU) a r i s e s  hy 
d i s p r o p o r t i o n a t i o n  o f  o - to ly I h y d r o x y 1am ine, fo rm ed  i n  
t u r n  hy  th e  h y d r o l y s i s  o f  th e  n i t r o n e  d u r in g  th e  
i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  m ix tu r e .  Tîie aso x y h en sen e  
i s ,  in  f a c t ,  a p r im a ry  p r o d u c t  o f  th e  r e a c t i o n .
(106) Me
m oH i>^OOMe
(104)2 ' 3 '  
i;t(o)— K " '-so ^
o - A l k y l a n i l i n e s  ( 1 0 7 ) a r e  fo rm ed  In  low  y i e l d s  (7%). 
W hile o th e r  low b o i l i n g ,  m in o r , p r o d u c t s  a r e  o b s e rv e d  
by  g . l . c . ,  th e y  have  n o t  b een  c h a r a c t e r i s e d  f u r t h e r *
1 5 0
75Such a s tu d y  h a s ,  how ever, been  r e p o r t e d  e lsew h ere*
(b) P r e p a r a t i v e  a s p e c t s  o f  th e  r e a c t i o n  w i th  a l k y l -  
n i t r o b e n z e n e 8. The r e a c t i o n  o f  a l k y I n i t r o b e n z e n e s  
w i th  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  u n d e r  f a r  more 
v ig o r o u s  c o n d i t i o n s  ( h e a t i n g  u n d e r  r e f l u x  in  an e x c e s s  
o f  th e  p h o sp h o ru s  r e a g e n t  f o r  14 -1 7  h o u rs )  g iv e s  a 
ra n g e  o f  p r o d u c t s  d i f f e r e n t  from  t h a t  d e s c r i b e d  above*
I n  a d d i t i o n ,  t h e r e  i s  a s i g n i f i c a n t  v a r i a t i o n  in  th e  
y i e l d s  o f  th e  v a r i o u s  p r o d u c t s ,  d ep e n d e n t  upon th e  
p h o sp h o ru s  r e a g e n t  used*
T here  i s  no e v id e n c e  f o r  th e  p r e s e n c e  o f  t r i a l k y l  
N - a r y lp h o s p h o r im id a te s  ( l0 9 )  i n  th e  r e a c t i o n  m ix tu r e ,  
a t  th e  c o m p le t io n  o f  th e  r e a c t i o n  u n d e r  th e  c o n d i t i o n s  
d e s c r ib e d *  E q u a l ly ,  i t  m ust be s t a t e d  t l i a t  th e  p o s i t i v e  
i d e n t i f i c a t i o n  o f  a t r i a l k y l  F - a r y lp h o s p h o r im id a te  ( l0 9 )  
i n  th e  p r e s e n c e  o f  t h e  c o r r e s p o n d in g  d i a l k y l  N - a l k y l -  
N -a ry lp h o s p h o ra m id a t e  ( i l l )  and th e  d i a l k y l  F - a r y l ­
pho spho ram i d a te  ( n o ) ,  by e i t h e r  i . r .  o r  n .m .r*  s p e c t r a l  
a n a l y s i s  i s  e x t r e m e ly  d i f f i c u l t ,  owing to  th e  s i m i l a r i t y  
o f  th e  v a r io u s  s p e c t r a .  Heports*^^^ t h a t  p h o s p h o r -  
im id a te s  have b een  i d e n t i f i e d  by  g . l . c .  m ust be s u b j e c t  
to  some d o u b t ,  i n  v iew  o f  th e  re a d y  th e rm a l  r e a r r a n g e ­
ment o f  th e  p h o s p h o r im id a te  to  th e  F -a lk y lp h o  spho ram i d a t e ,  
a s  d e s c r i b e d  e a r l i e r *  However, a l l  t h i s  does n o t
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p r e c lu d e  th e  p o s s i b i l i t y  o f  t h e i r  f o r m a t io n ,  and 
s u b s e q u e n t  r e a r r a n g e m e n t  o r  f u r t h e r  r e a c t i o n ,  d u r in g  
th e  c o u r s e  o f  th e  d e o x y g e n a t io n  r e a c t i o n .  (S undberg  
was a b le  to  i s o l a t e  r e l a t i v e l y  p u re  sam ples  o f  
t r i a l k y l  N -a ry lp h o  spho ï» irai d a t e s  from  s i m i l a r  r e a c t i o n s  
a f t e r  h e a t i n g  u n d e r  r e f l u x  f o r  4 h o u rs  o n ly .
The m ain p r o d u c t s  o f  t h i s  s e r i e s  o f  r e a c t i o n s  a re  
th e  d i a l k y l  F - a r y lp h o  sp h o r  am id a t e s  ( l lO )  and th e  
d i a l k y l  F - a lk ^ r l -g -  a ry lp h o  spho r  am i  da t  e s ( i l l ) :  th e  r a t i o  
o f  th e s e  v a .r ie s  c o n s i d e r a b l y ,  how ever, w i th  th e  p h o s­
p h o ru s  r e a g e n t  u s e d .  Thus t r i e t h y l  p h o s p h i t e ,  w i th  
o-y m- and p - a l k y l n i t r o b e n z e n e s ,  g iv e s  a p p ro x im a te ly  
e q u a l  am ounts o f  th e  p h o sp h o ra m id a te  ( l l O ,  16-25??) 
and  th e  F - a lk y lp h o  spho ram i d a te  ( i l l ,  10-27% ), w h i le  
t r i m e t h y l  p h o s p h i t e  g iv e s  sm a ll  q u a n t i t i e s  o n ly  o f  th e  
fo rm e r  ( l lO ,  5 -1 5 ^ )  and  th e  F -a lk y lp h o s p h o ra m id a te  
becomes th e  m a jo r  p r o d u c t  ( i l l ,  12-30%)♦ The r e a c t i o n  
w i th  t r i m e t h y l  p h o s p h i t e  i s  c o n s i d e r a b l y  l e s s  v ig o ro u s  
th a n  t h a t  w i th  t r i e t h y l  p h o s p h i t e :  th e  r e a c t i o n  m ix tu re  
may rem a in  c l e a r  f o r  up to  6o m in u te s  u n d e r  r e f l u x ,  
w hereas  t h a t  w i th  t r i e t h y l  p h o s p h i te  d a rk e n s  a t  once 
a t  c a .  6o^ and becom es I n c r e a s in g ly  t a r r y .  As a con­
sequence  o f  t h i s ,  how ever, and o f  th e  te n d e n c y  o f  
t r i m e t h y l  p h o s p h i t e  t o  i s o m e r i s e  r a p i d l y  to  d im e th y l
1 5 2
m ethylphosphonatc^^^ c o n s id e r a b le  am ounts (lO-3C??) o f  
t h e  unchanged  n i t ro -c o m p o u n d  have been  fo u n d  a t  th e  
end  o f  e a ch  r e a c t i o n .  In  th e s e  c a s e s  y i e l d s  o f  p r o ­
d u c t s  have been  c a l c u l a t e d  on th e  b a s i s  o f  th e  q u a n t i t y  
o f  n i t ro -c o m p o u n d  t h a t  h a s  been  consumed*
In  a d d i t i o n  to  t h e s e  m ajo r p r o d u c t s ,  two s e r i e s  
o f  m inor p r o d u c t s  have  been  i s o l a t e d  and c h a ra c te r i s e d ®  
F i r s t l y ,  compounds i d e n t i f i e d  as  th e  a p p r o p r i a t e  
a z e p in e 8 ( l l 2 )  hav e  b ee n  r e c o v e r e d  from  a number o f  







(MeO) ?P He 'cx
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I n  some c a s e s ,  owing to  th e  s o l u b i l i t y  o f  th e  a z e p in e  
i n  w a te r ,  e x t r a c t i o n  from  th e  o t h e r  p r o d u c t s  i s  e x t r e m e ly  
ra p id *  In  o t h e r  c a s e s ,  e x t r a c t i o n  by d i l u t e  a c id ,  
fo l lo w e d  by ch ro m a to g rap h y  on a lu m in a , p ro v e s  more 
s u c c e s s f u l*
S e co n d ly ,  a m in o r  p r o d u c t ,  i n  c e r t a i n  r e a c t i o n s  
o n ly ,  i s  now i d e n t i f i e d  as  th e  d i a l k y l  a ry lp h o  sp h o n a te
(1 1 3 ) .
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R
. I R = Me, E t ,  OMe
PO(OEt)
(113)
I fh i le  t h i s  h a s  no p r e p a r a t i v e  s i g n i f i c a n c e  ( 3- 6% 
y i e l d s ) ,  th e  mechanism i s  o f  g r e a t e r  i n t e r e s t ,  and w i l l  
be  d isc u sse d , s h o r t l y .
L o w -b o i l in g  p r o d u c t s ,  a n i l i n e s  and a l k y l a t e d  
a n i l i n e s ,  a re  p r e s e n t  i n  th e  f i n a l  r e a c t i o n  m ix tu re*
These have n o t ,  how ever, b een  s t u d i e d  s y s t e m a t i c a l l y  
i n  th e  p r e s e n t  i n v e s t i g a t i o n .  A l i q u i d - a i r  c o l d - t r a p ,  
a s  u s e d  to  conden se  etlij'^l n i t r i t e  i n  e a r l i e r  e x p e r im e n ts ,  
c o l l e c t e d ,  i n s t e a d ,  a  c o n s id e r a b le  q u a n t i t y  o f  e th y le n e  
from  th e  r e a c t i o n  o f  t r i e t h y l  p h o s p h i te  w i th  p-me th y  l ' ­
an d p -  e th y  I n  i  t  r  ob en zene •
In  a l l  t h e s e  r e a c t i o n s ,  th e  o v e r a l l  a c c o u n ta n c y  o f  
p r o d u c t s  i s  low , r a r e l y  e x c e e d in g  60%. T ar fo r m a t io n  
i n c r e a s e s  th e  d i f f i c u l t i e s  o f  s e p a r a t i o n  o f  th e  v a r io u s  
p r o d u c t s  and s e v e r e l y  l i m i t s  any a t te m p t  to  d e te rm in e  th e  
f a t e  o f  a l l  th e  s t a r t i n g  r e a g e n t s .
A number o f  r e a c t i o n s ,  ( th o s e  w i th  th e  y i e l d s  i n  
p a r e n t h e s e s  i n  TABI..E 14) .  were examined, b r i e f l y  by  g . l . c .  
a lo n e ,  by  co m p ariso n  o f  th e  r e t e n t i o n  t im e s  o f  th e  v a r io u s  
p r o d u c t s  w i th  th o s e  o f  a u t h e n t i c  sam ples  on two d i f f e r e n t
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oolumns» lO iile  i t  i s  r o a s o n a b le  to  suppose  t h a t  th e  
r e a c t i o n s  a r e  a n a lo g o u s ,  and t h a t  th e  p r o d u c t s  and 
a u t h e n t i c  sam ples  do c o r re s p o n d  c o r r e c t l y ,  t h i s  c a n n o t  
he  d e s c r i b e d  as  c e r t a i n  u n t i l  th e  i n d i v i d u a l  p r o d u c t s  
have b een  i s o l a t e d  and i d e n t i f i e d  by co m p ariso n  o f  
t h e i r  i , r ,  and n . m»]?. s p e c t r a .
U n f o r tu n a t e l y ,  owing to  th e  h ig h  b o i l i n g - p o i n t  o f  
many o f  th e  p r o d u c t s  o f  t h e s e  r e a c t i o n s ,  and to  th e  
te n d e n c y  o f  th e s e  p r o d u c t s  to  decompose o r  to  r e a r r a n g e  
a t  h ig h  t e m p e r a tu r e s ,  p r e p a r a t i v e - s c a l e  g , l , c «  i s ,  a s  
y e t ,  l a r g e l y  im p o s s ib l e ,
( o ) The mechanism o f  th e  n o v e l  n i t r o - g r o u p  d isp la c e m e n t»  
\1/hen t h i s  i n v e s t i g a t i o n  was u n d e r ta k e n ,  i t  was su p p o sed  
t h a t  th e  r e a c t i o n s  o f  th e  a ro m a tic  n i t ro -c o m p o u n d s  w i th  
t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  t h a t  were to  be s t u d i e d ,  
w ould , i n  g e n e r a l ,  g iv e  ev id en c e  f o r  o r  a g a i n s t  th e  
p a r t i c i p a t i o n  o f  a n i t r e n e  in t e r m e d ia t e  i n  a v a r i e t y  o f  
d e o x y g e n a t io n  r e a c t i o n s .  However, a s  h a s  b een  d e s c r i b e d  
a l r e a d y ,  i n  some d e t a i l ,  th e  r e a c t i o n  w i th  o - d i n i t r o -  
benzene  imô. r e l a t e d  compounds g iv e s ,  a p p a r e n t l y ,  a 
noveL exam ple o f  a ro m a t ic  n u c l e o p h i l i c  s u b s t i t u t i o n  by  
th e  p h o sp h o ru s  r e a g e n t ,  w i th  co m ple te  l o s s  o f  th e  
n i t r o - g r o u p  as  n i t r i t e  io n ,  and w i th  no q u e s t io n  o f  
























In  th e  r e a c t i o n s  o f  a lk y I n i t r o h e n z o n e s  w i th  
t r i e t h y l  and t r i m e t h y l  p h o s p h i te ^  th e  g r e a t e r  p a r t  o f  
t h e  r e a c t i o n  p r o d u c t s  ^o i n d i c a t e  n i t r e n e  p a r t i c i p a t i o n  
i n  a d e o x y g e n a t io n  r e a c t i o n :  t h e s e  r e a c t i o n s  w i l l  he 
d i s c u s s e d  i n  th e  f o l l o w i n g  s e c t i o n .  However, i n  th o s e  
r e a c t i o n s  d e s c r i b e d  i n  Scheme 27, a s u p e r f i c i a l l y  
s i m i l a r  d i s p la c e m e n t  o f  th e  n i t r o - g r o u p  t a k e s  p l a c e ,  to  
g iv e  th e  c o r r e s p o n d in g  d i a l k y l  a ry lp h o s p h o n a t e  ( l l 3 ) *
In  t h e s e  c a s e s ,  t h e r e  seems to  be l i t t l e  p o s s i b i l i t y  o f  
a ro m a tic  n u c l e o p h i l i c  s u b s t i t u t i o n :  as  h a s  b een  shown 
a l r e a d y  (TABLE l l ) , m e th y l  and p - e t h y l  g ro u p s  a r e  
d e a c t i v a t i n g  to w ard s  such  s u b s t i t u t i o n s .  A lth o u g h  th e  
d i s p la c e m e n t  o f  th e  h a lo g e n  from p - c h l o r o to l u e n e  by 
sodium  m eth ox id e  h a s  b ee n  r e p o r t e d ,  th e  c o n d i t i o n s  
o f  th e  r e a c t i o n  ( s e a l e d  tu b e ,  150^, no s o l v e n t )  i n d i ­
c a t e  th e  d i f f i c u l t y  o f  e f f e c t i n g  such  a s u b s t i t u t i o n .
T here i s  no e v id e n c e  f o r  th e  i n d u c t i o n  o r  c a t a l y s i s  
o f  th e  r e a c t i o n s  by l i g h t ,  th e  d i a l k y l  a ry lp h o s p l io n a te s  
b e in g  fo rm ed  to  th e  same e x t e n t  in  co m p le te  d a r k n e s s ,  as  
i n  n o rm al d a y l i g h t ,  and  n o t  a t  a l l  in  th e  p r e s e n c e  o f  
u l t r a - v i o l e t  l i g h t  a t  20° ,
R e p e a t in g  th e  e x p e r im e n ts  w i th  o- and p - n i t r o a n i s o l e ,  
in  p l a c e  o f  o - and  p - n i t r o t o l u e n e ,  g iv e s  no s i g n i f i ­
c a n t  change in  th e  y i e l d  o f  th e  p h o s p h o n a te .  However,
(BtO)^P
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w h ile  th e  p h o sp h o n a te  is- form ed in  th e  r e a c t i o n  o f  
t r i e t h y l  p h o s p h i t e  w i th  b o th  p - n i t r o t o l u e n e  and 
p - n i t r o a n i s o l e ,  i n  th e  c o r re s p o n d in g  r e a c t i o n s  o f  
t r i m e t h y l  p h o s p h i t e  i t  i s  fo rm ed  o n ly  in  th e  r e a c t i o n  
w i th  p - n i t r o a n i s o l e  : th e  fo rm a t io n  o f  more th a n  0*5% o f  
d im e th y l  p - t o l y l p h o s p h o n a t e  would he d e te c te d *
A mechanism f o r  t h i s  r e a c t i o n  i s  s u g g e s te d  i n  
Scheme 28 $ N u c le o p h i l i c  a t t a c k  on th e  oxygen atom h a s  
a l r e a d y  b een  d i s c u s s e d  a s  th e  i n i t i a l  s t a g e  o f  m ost 
d e o x y g e n a t io n  r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  
compounds. The p h o sp h o ru s  atom i s  now e l e c t r o p h i l i c ^  
r a t h e r  th a n  n u c l e o p h i l i c ,  and , in  th e  ab se n ce  o f  
b u lk y  p -g ro u p s  w hich  m igh t g iv e  r i s e  to  s t e r i c  h in d r a n c e ,  
i s  f r e e  to  move i n t o  a p o s i t i o n  such  t h a t  e l e c t r o p h i l i c  
a t t a c k  on th e  a ro m a t ic  r i n g ,  w i th  th e  r e s u l t a n t  
fo rm a t io n  o f  a fo u r-m em bered  i n t e r m e d i a t e ,  i s  fav o u red *  
S u b seq u en t  c o l l a p s e  o f  t h i s  i n t e r m e d ia t e  l e a d s  to  th e  
o b s e rv e d  p ro d u c ts *
U n f o r tu n a t e l y ,  t h e r e  i s  no e v id e n c e ,  a s  y e t ,  a s  to  
th e  f a t e  o f  th e  d i s p l a c e d  n i t r o - g r o u p .  ^In a t te m p t  to  
condense  e t h y l  n i t r i t e  from  th e  v o l a t i l e  p r o d u c t s  o f  th e  
r e a c t i o n ,  as  d e s c r i b e d  p r e v i o u s l y  f o r  th e  r e a c t i o n s  
o f  o - d i n i t r o b e n z e n e ,  r e s u l t e d  in  th e  c o l l e c t i o n  o f  a 
q u a n t i t y  o f  e t h y l e n e ,  th o u g h t  to  a r i s e  in  th e  fo r m a t io n
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o f  th e  a z e p in e  compound, b u t  no e t h y l  n i t r i t e ,  on 
th e  b a s i s  o f  v a p o u r -p h a s e  i * r . s p e c t r a /* '
Two f u r t h e r  p o i n t s  m ust be made* I f  th e  
i n t e r m e d i a t e  (il l ; .)  i s  fo rm ed , th e n  th e  a l t e r n a t i v e  
c o l l a p s e  t o  th e  n i t ro s o -c o m p o u n d  and t r i e t h y l  p h o s p h a te  
c o u ld  o c c u r  as  a co m p e tin g  r e a c t io n *  The n i t r o s o -  
compound w ould , o f  c o u r s e ,  r e a c t  a t  once w i th  th e  
e x c e s s  o f  t r i e t h y l  p h o s p h i t e .  A lso  th e  an a lo g y  w i th  
th e  b a s i c  W it t  i g  r e a c t i o n  i s  n o t  c o m p le te ,  th e  f o u r -  
memberod r i n g  in  su ch  a r e a c t i o n  b e in g  fo rm ed  n o rm a l ly  
from  a d i p o l a r  b e t a i n e  w i th  re a r ra n g e m e n t  o f  t h i s  to  
g iv e  a  P=0 compound and an un s a t u r a t e d  Z=Y lin lcag e  ;
R j  X------------------------X X
1 — > "I I — ^  i  * II0 — Y 0 --Y 0 Y
Mien t r i a l k y l  p h o s p h i t e s  have been  u s e d  in  p l a c e  o f  th e  
more u s u a l  t r ip h e n y lp h o s p h in o  th e  r e a c t i o n  h a s  ta k e n  
a d i f f e r e n t  c o u r s e ,  owing to  th e  re a d y  d e a l k y l a t i o n  o f  
th e  b e t a i n e  i n t e r m e d i a t e
ÎÎT . 250A v e r y  r e c e n t  r e p o r t  d e s c r i b e s  th e  d e o x y g é n â t io n
o f  a l k y l  n i t r i t e s  by  t e r v a l e n t  p h o sp h o ru s  r e ­
a g e n t s :  t h i s  may, t h e r e f o r e ,  a c c o u n t  f o r  th e  
l a c k  o f  e v id e n c e  f o r  th e  f o rm a t io n  o f  t h i s  com­
pound*
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e . g .  f o r  d e a l k y l a t i o n  o f  a b e t a i n e  I n t e r m e d ia t e :
:>
' 'P r^  jf
(Pr^O)gPOOHgOHgOPr^
The fo r m a t io n  o f  th e  p h o sp h o n a te s  in  th e  r e a c t i o n  
o f  t r i m e t h y l  p h o s p h i t e  w i th  p - n i t r o a n i s o l e  (h u t  n o t  
w i th  p - n i t r o t o l u e n e )  j, and in  th e  r e a c t i o n  o f  t r i e t h y l  
p h o s p h i t e  w i th  p - n i t r o t o l u e n e  (h u t  n o t  w i th  m -n itro -^  
to lu e n e )  i s ^  how ever, c o n s i s t e n t  w i th  th e  t h e o r y  o f  
e l e c t r o p h i l i c  a t t a c k  hy  th e  p h o sp h o ru s  atom on th e  
a ro m a tic  r i n g .
A ls o ,  th e  f a c t  re m a in s  t h a t  th e  d i s p la c e m e n t  does 
ta k e  p l a c e ,  and t h a t ,  on th e  b a s i s  o f  g . l . c . ,  i . r *  and 
n . m . r .  s t u d i e s ,  th e  p - s u b s t i t u t e d  n i t r o b e n z e n e s  g iv e  
th e  c o r r e s p o n d in g  p - s u b s t i t u t e d  p h e n y lp h o s p h o n a te s . 
Thus t h e r e  i s ,  in  t h e s e  c a s e s ,  l i t t l e  l i k e l i h o o d  o f  
a t t a c k  by p h o sp h o ru s  on th e  r i n g  c a rb o n  atom a d ja c e n t  
to  th e  d i s p l a c e d  g ro u p :
0*^
™ 3
% % ( O B t )
( l )  AtK
C 0
ArI'Tl_p(0R)V  3
ArF=0 + (RO)^P -------- ^ A ri^  yP (O R )^  or 0 "  ' ' 3
(11) ArROg + (R O )^ P  --''-^ A rH O   --------->
( i l l ) ArF o r  ArIT*.
( i v )
R
R
l^<L .> — g0  '—
(v) fo r m a t io n  o f  p r o d u c t s  (lO l:-112) from  t h e s e  i n t e r m e d i a t e s .
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F a r t h e r  c l a r i f i o a t i o n  o f  th e  mechanism o f  t h i s  n o v e l  
r e a c t i o n  i s  t h e r e f o r e  r e q u ir e d *
( d ) The m echanism  o f  th e  de o x y g é n a tio n  r e a c t i o n »
The re m a in in g  p r o d u c t s  o f  th e  de o x y g é n â t io n  o f  a ro m a tic  
n i t r o s o -  and n i t ro -o o m p o u n d s  hy  t e r v a l e n t  p h o sp h o ru s  
r e a g e n t s  can  he a c c o u n te d  f o r ,  p a r t i a l l y  a t  l e a s t ,  on 
th e  h a s i s  o f  p a r t i e i p a t i o n  hy a r e a c t i v e  i n t e r m e d i a t e ,  
su ch  as th e  n i t r e n e ,  i n  th e  r e a c t i o n .  In  no c a s e ,  
o t h e r  th a n  t h a t  d e s c r i h e d  above , i s  t h e r e  any e v id e n c e  
f o r  th e  l o s s  o f  n i t r o g e n  from  th e  a ro m a tic  sy s te m . Any 
i n v e s t i g a t i o n  o f  t h i s  r e a c t i o n  sh o u ld  c o n s i d e r  th e  
f o l lo w in g  a s p e c t s  o f  th e  mechanism ( Scheme 29) :
( i )  th e  n a t u r e  o f  th e  '^prim ary a d d u c t ’^ ^
( i i )  th e  p o s s i b l e  in te rm e d ia c y  o f  th e  n i t r o s o -
g ro u p , o r  o f  i t s  ad d u c t  w i th  th e  phos-- 
p h o ru s  r e a g e n t ,  fo rm ed  hy d e o x y g e n a t io n  o f  
th e  n i t r o - g r o u p ,  o r  o f  i t s  a d d u c t  w i th  th e  
pho sp h o ru s  r e a g e n t ,
( i l l )  th e  fo rm a t io n  o f  a n i t r e n e ,  as  a r e a c t i v e  
i n  t  e r  me d i  a  t  e ,
( iv )  th e  p o s s i b l e  r e  a r ran g em en t o f  t h i s  n i t r e n e ,
i f  fo rm ed , to  o t h e r  r e a c t i v e  i n t e r m e d i a t e s ,
(v) p r o d u c t  f o r m a t io n  from  th e s e  p o s s i b l e  i n t e r ­
m e d ia te s .
160
Each o f  t h e s e  w i l l  t h e r e f o r e  he c o n s id e r e d  in  t u r n ,  
n e c e s s a r i l y  b r i e f l y ,
( i )  n a t u r e  o f  th e  p r im a ry  a d d u c t .  # i i l e  d i p o l a r  o r  
c y c l i c  a d d u c ts  b e tw een  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
and  a ro m a tic  n i t r o s o -  and n i t ro -c o m p o u n d s ,  as  shown i n  
Scheme 2 9 ( i ) » .have  b een  p ro p o s e d  by a number o f  
w o rk e rs ,  t h e r e  a re  a s  y e t  no r e p o r t s  o f  th e
i s o l a t i o n  o f  such  i n t e r m e d i a t e s ,  o r  o f  any p h y s i c a l  
e v id e n c e  f o r .  t h e i r  e x i s t e n c e .  In  th e  l i g h t  o f  r e c e n t  
r e p o r t o f  th e  i s o l a t i o n  o f  s t a b l e  a d d u c ts  
be tw een  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  and v a r io u s  
c a rb o n y l  compounds, t h i s  l a c k  may soon be re m e d ie d .  At 
p r e s e n t ,  w h i le  i t  may be r e a s o n a b le  to  suppose  t h a t  such  
1 :1  a d d u c t8 a re  fo rm ed , any d i s c u s s i o n  a s  to  t h e i r  
s t a b i l i t j r  o r  p r e c i s e  n a t u r e  m ust rem a in  t e n t a t i v e .
( i i )  The p o s s i b l e  in te rm e d ia c y  o f  th e  n i t r o s o - g r o u p .  
f o l lo w in g  d e o x y g e n a t io n  o f  th e  n i t r o - g r o u p ,  o r  th e  
a d d u c t8 t h e r e o f .  The r e p o r t  o f  E a t r i t z k y  (85-87)^''^^*' 
o f  th e  in te r m e d ia c y  o f  a n i t ro so -c o m p o u n d  i n  one 
p a r t i c u l a r  r e a c t i o n  o f  a  n i tro -com pound  w i th  t r i e t h y l  
p h o s p h i t e  h a s  b ee n  d e s c r i b e d  a l r e a d y  (p .  3 3 ) .  Allen^^*’^  
h a s  r e f e r r e d  to  th e  ap p e a ran c e  o f  a t r a c e  o f  b l u e - g r e e n  
c o l o u r i n g ,  d u r in g  th e  d e o x y g e n a t io n  o f  ^ - h a l o n i t r o -  
compounds w i th  t r i e t h y l  p h o s p h i t e .  Todd, how ever.
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was u n a b le  to  t r a p  an in t e r m e d ia r y  n i t ro s o -c o m p o u n d  
i n  th e  d e o x y g e n a t io n  o f  2 - n i t r o p h e n y l  p h e n y l  s u lp h id e  
by  t r i e t h y l  p h o s p h i t e  i n  th e  p r e s e n c e  o f  t r a n s -  
s t i l b e n e ,  w hich  m ig h t have been  e x p e c te d  t o  g iv e  th e  
c o r r e s p o n d in g  azoxy compound, from  th e  r e a c t i o n  o f  
th e  o l e f i n  w i th  th e  n i t ro s o -c o m p o u n d .
The r e a c t i o n  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
w i th  a lk y  I n  i t  ro  so ben zene  s (h y d ro c a rb o n  s o l u t i o n ,  0*^ , 
c a ,  ^ h o u r)  i s  c e r t a i n l y  c o n s id e r a b ly  more r a p i d  th a n  
th e  c o r r e s p o n d in g  r e a c t i o n  w i th  a l k y l n i t r o b e n z e n e s  
(e x c e s s  p h o sp h o ru s  r e a g e n t ,  150^, Ik  h o u r s ) .  Any 
n i t ro s o -c o m p o u n d s  fo rm ed  by th e  de oxygen a t  i  on o f  th e  
n i t ro -c o m p o u n d s  w ould have e x t r e m e ly  s h o r t  e x i s t e n c e s  
u n d e r  th e s e  l a t t e r  v ig o ro u s  c o n d i t i o n s .
P ro d u c t  a n a l y s i s  does n o t ,  a t  f i r s t ,  s u g g e s t  th e  
in te rm e d ia c y  o f  th e  n i t ro so -c o m p o u n d s  in  n i t r o - g r o u p  
d e o x y g e n a t io n s .  The f o r m a t io n  o f  azoxy-com pounds (lOU) 
i n  h ig h  y i e l d s  from  a ro m a tic  n i t ro s o -c o m p o u n d s ,  w i th o u t  
any p h o s p h o r im id a te s  ( l0 9 )  o r  p h o sp l io ra m id a te s  
i s  in  c o n s id e r a b l e  c o n t r a s t  to  th e  ran g e  o f  p r o d n c t s  
i s o l a t e d  from th e  r e a c t i o n s  w i th  a ro m a tic  n i t r o - c o m -  
p o u n d s .  However, t h i s  i s  l a r g e l y  a r e s u l t  o f  th e  
c o n d i t i o n s  u n d e r  w hich  th e  d i f f e r e n t  r e a c t i o n s  have 
n o rm a l ly  been  p e r fo rm e d .  Under c o n t r o l l e d  c o n d i t i o n s
1 6 2
i n  benzene  s o l u t i o n  a t  0^ , t r i a l k y l  p h o s p h i t e s  r e a c t  
w i th  th e  e x c e s s  o f  th e  n itro so -o o m p o n n d y  w i th  no 
i n c o r p o r a t i o n  o f  th e  p h o sp h o rn s  m o ie ty  i n t o  th e  f i n a l  
p ro d u c t#  I t  i s  now shown how ever, t h a t  even  u n d e r  
t h e s e  c o n d i t i o n s ,  a t r a c e  o f  th e  <fc.alkyl H - a r y lp h o s -  
p h o ra m id a te  ( l io )  i s  fo rm ed , t o g e t h e r  w i th  a t r a c e  o f  
t h e  a n i l  ( l0 5 )^  w hich  r e q u i r e s  a more e x t e n s iv e  s k e l e t a l  







W ith an i n c r e a s e  in  th e  r a t i o  o f  p h o sp h o ru s  
r e a g e n t  to  n i t ro s o -c o m p o u n d ,  so th e  p r o p o r t i o n  o f  
p h o s p h o r u s - c o n ta in in g  p r o d u c t s  i n c r e a s e s .  The y i e l d  
o f  th e  a n i l  a l s o  i n c r e a s e s  a t  f i r s t ,  a g a in  a t  th e  
expense  o f  th e  azoxy-ccm pound ( l 0 4 ) , b u t  t h i s  to o  may 
be  e x p e c te d  to  d e c re a s e  as th e  c o n d i t i o n s  o f  th e  
e x p e r im e n t  become more v ig o ro u s  and t h e r e  i s  a d e c re a s e  
i n  th e  tim e a v a i l a b l e  f o r  su ch  a x*earrangement to  occur#  
I f  t h i s  i s  s o ,  th e n  th e  p ro d u c t  d i s t r i b u t i o n  w i l l  
18 semble t h a t  from  th e  r e a c t i o n  o f  a ro m a tic  n i t r o ­
compounds w i th  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s .
T h is  p a r a l l e l s  th e  r e s u l t s  o f  Biinyan and Cadogan^^
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from  th e  r e a c t i o n  o f  g ,  g -d im e  t h y l - p - n l t r o  so an i l in e  
w i th  t r i e t h y l  p h o s p h i t e ,  w hich  gave p r o d u c t s  w hich  
v a r i e d  d i r e c t l y  w i th  th e  q u a n t i t y  o f  p h o sp h o ru s  r e a g e n t  
u s e d ,  as  e x p e c te d  on th e  t h e o r y  o f  th e  p a r t i c i p a t i o n  o f  
a r e s o n a n c e - s t a b i l i s e d  n i t r e n e  i n t e r m e d i a t e .
The a d d i t i o n  o f  th e  n i t ro s o -c o m p o u n d  to  a l a r g e  
e x c e s s  o f  th e  p h o sp h o ru s  r e a g e n t  a t  th e  b o i l i n g - p o i n t  
m ig h t be e x p e c te d  to  y i e l d  a p ro d u c t  d i s t r i b u t i o n  
i d e n t i c a l  w i th  t h a t  from  th e  r e a c t i o n  w i th  a ro m a tic  
n i t ro -c o m p o u n d s .  I t  w ould , how ever, be an e x c e e d in g ly  
v i o l e n t  r e a c t i o n  and e x t e n s iv e  c h a r r i n g  o f  p r o d u c t s ,  a t  
th e  l e a s t ,  would be e x p e c te d  to  f o l lo w .
( i i i ) The f o r m a t io n  o f  a n i t r e n e ,  as a r e a c t i v e  i n t e r ­
m e d ia te  . A lth o u g h  m echanism s have been  p ro p o s e d ,  as 
d e s c r i b e d  e a r l i e r ,  8 G , 1 do n o t ,  i n
p a r t i c u l a r  r e a c t i o n s ,  r e q u i r e  a n i t r e n e  I n t e r m e d ia t e ,  
th e  g r e a t e r  p a r t  o f  th e  e x p e r im e n ta l  e v id e n c e  i s  in  
f a v o u r  o f  t h i s  h y p o t h e s i s .
The t y p i c a l  r e a c t i o n s  o f  a n i t r e n e  i n t e r m e d i a t e  
g e n e r a t e d  by th e  th e rm a l  o r  %)ho to  l y t i c  d e c o m p o s i t io n  o f  
a r y l  a s i d e s ,  and by  o t h e r  m ethods , have been  d e s c r ib e d  
e a r l i e r .  The p r o d u c t s  o b ta in e d  by th e  d e o x y g e n a t io n  o f  
an a ro m a tic  n i t r o s o -  o r  n i t ro -c o m p o im d  by t e r v a l e n t  
p h o sp h o ru s  r e a g e n t s  show in  many c a s e s  a  c l o s e  re se m b la n c e
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t o  th o s e  o b ta in e d  i n  th e  c o r r e s p o n d in g  a s i d e  decompo­
s i t i o n s #  The fo r m a t io n  o f  am ines s u g g e s t s  h y d ro g e n -  
a b s t r a c t  io n ,  e i t h e r  from  a s id e  c h a i n  o r  from  o t h e r  
r e a c t a n t s  p r e s e n t#  The fo rm a t io n  o f  n u e a i t i t i e s  o f  t a r r y  
m a t e r i a l  s u g g e s t s  t h a t  some su ch  random r e a c t i o n  h a s  
been  in  o p e r a t io n #  The fo rm a t io n  o f  t r i a l k y l  N - a r y l ­
pho s p h o r im id a te 8, p re su m a b ly  b y  d i r e c t  r e a c t i o n  o f  th e  
t r i a l k y l  p h o s p h i t e  w i th  th e  n i t r e n e ,  p a r a l l e l s  th e  
p r e p a r a t i o n  o f  t h e s e  compoimds by th e  d e c o m p o s i t io n  o f  
th e  a r y l  a z id e  i n  an e x c e s s  o f  th e  p h o s p h i t e  r e a g e n t .  
F i n a l l y ,  th e  f o r m a t io n  o f  a z e p in e  sy s te m s ,  i n  th e  
p r e s e n c e ^ ^ ^  o r  a b s e n c e ^ ^ ^ ^ o f  d i e t h y l a m i n e , c o m p le te s  
th e  a n a lo g y  w i th  a c c e p t e d . exam ples o f  th e  b e h a v io u r  o f  
n i t r e n e  in te rm e  d i a t e  s : ^^^^ ^ ^
ArHArH 4- ArH ------— A r H H ---------- > ArNH2
r e s i d u a l  r a d i c a l s  t a r s
+ (E tO )^ P  ^ ArH=P(OEt)
+ (E tO )^ P ------
“  \pO(OBt)2
However, t h e r e  i s ,  a s  y e t ,  no s p e c t r a l  e v id e n c e
f o r  th e  e x i s t e n c e  o f  th e  n i t r e n e  in t e r m e d i a t e  u n d e r  
t h e s e  c o n d i t i o n s ,  a s  t h e r e  i s  f o r  th e  th e rm a l  and
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p h o to l y t i c  d e c o m p o s i t io n s  o f  a r y l  a z i d e s .  T h is  i s  
p re su m a b ly  due l a r g e l y  to  th e  d i f f e r e n t  r a t e s  o f  
fo rm a t io n  o f  th e  n i t r e n e  in  ea ch  c a se  i . e .  w hereas  
p h o t o l y s i s  o f  an a z id e  w i l l  g e n e r a te  th e  n i t r e n e  a t  
once in  a p p r e c i a b l e  o u .a n t i t i e s  and in  th e  ab sen ce  o f  any 
o t h e r  r e a c t a n t ,  th e  d e o x y g é n â t io n  o f  a n i t r o - g r o u p ,  
i n  p a r t i c u l a r ,  t a k e s  a  c o n s id e r a b le  tim e  i n  th e  p re s e n c e  
o f  a l a r g e  e x c e s s  o f  a n o th e r  r e a g e n t  w i th  w hich  th e  
n i t r e n e  i s  l i k e l y  to  r e a c t  v e r y  r a p i d l y ,  once formed#
The r e a c t i o n  o f  t r i a l k y l  p h o s p h i t e s  w i th  a ro m a tic  n i t r o s o -  
compounds m ig h t p r o v id e  a more c o n v e n ie n t  r a t e  o f  
r e a c t i o n :  t h e r e  can  be no q u e s t i o n ,  how ever, o f  p h o to -  
l y t i c  i n d u c t i o n  o f  th e  r e a c t i o n ,  as  th e  p h o t o l y s i s  o f  
n i t r o s o b e n z e n e  a lo n e  i s  known to  g iv e ,  v e r y  r e a d i l y ,  
a wide ra n g e  o f  azo x y -  and n i t r o - b e n z e n e s  and - a n i l i n e s *  
T here  a r e  no r e p o r t s  o f  th e  i s o l a t i o n  o f  s k e l e t a l  
r e a r ra n g e m e n t  p r o d u c t s  such  a s  th e  a n i l  ( l0 5 )  by th e  
p h o t o l y s i s  o f  an a r y l  a z id e ,  i n  th e  absence  o f  p h o sp h o ru s  
r e a g e n t s 0 T h is  may im ply  m ere ly  t h a t ,  a l th o u g h  th e
?
(105)
p h o sp h o ru s  r e a g e n t  i s  n o t  i n c o r p o r a t e d  i n t o  th e  f i n a l  
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o t h e r  th a n  th e  n i t r e n e  i s  a c h ie v e d  in  th e  p r e s e n c e  o f  
t r i a l k y l  p h o s p h i t e s ;  su ch  a mechanism w i l l  he d i s c u s s e d  
s h o r t ly #
( i v )  The p o s s i b l e  r e a r r a n g e m e n t  o f  th e  n i t r e n e  to  
o t h e r  r e a c t i v e  in t e r m e d ia t e s »  The p a r t i c i p a t i o n  in  th e s e  
r e a c t i o n s  o f  th e 7- a z a h i c y c l o  1  ^o j j i e p t a - 2  ^ 6- t r i e n e  
i n t e r m e d i a t e  ( 8 3 ) h a s  been  d i s c u s s e d  a l r e a d y  (e »p;»
Schemes lU and 15V«
(63)
I t  i s  n o t 5 how ever, c e r t a i n  w h e th e r  t h i s  i n t e r m e d ia t e  
and th e  n i t r e n e  a r e  s u c c e s s iv e  i n t e r m e d i a t e s ,  l e a d i n g  
e v e n t u a l l y  to  r i n g  e x p a n s io n  and th e  fo r m a t io n  o f  an 
a s e p in e ,  o r  v /he ther  b o th  a r e  p r e s e n t  t o g e t h e r  i n  
e q u i l i b r i u m  in  th e  r e a c t i o n  m ix tu re#
The r e c e n t ly  r e p o r t e d  reaction ^ ^ ^  o f  d ie  th i r l  
me thyIpho sphon i t  e w ith  2-n itr o b  ipheny1 , in  an e x c e s s  
o f  d i e th y la m in e ,  to  g iv e  2 -d ie th y la m in o -3 g -3 -p h e n y l-  
a z e p in e  ( I I 6 , 13^ )  i n  a d d i t i o n  to  c a r b a z o le  ( 20 , 67^ ) ,  
i s  r e l e v a n t  to  t h i s  d i s c u s s i o n  (Scheme 30% M i i le  th e  
f o r m a t io n  o f  th e  a z e p in e  ( I I 6 ) may be s a t i s f a c t o r i l y  
e x p la in e d  in  te rm s  o f  th e  mechanism o r i g i n a l l y  s u g g e s te d  
by  H u isg en  e t  a l # ^ ^^ ( a ) ,  th e  fo rm a t io n  o f  c a r b a z o le
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h a s  "been ta k e n  to  i n d i o a t e  a t t a c k  t y  th e  n i t r e n e  a t  
t h e  2 ^ - p o s i t i o n  o f  th e  h i a r y l ^  e i t h e r  hy  h y d ro g e n -  
a b s t r a c t i o n  o r  hy  d i r e c t  0-H i n s e r t i o n  ( b )* The p o s s ­
i b i l i t i e s  a r e  th e n  t h a t  e i t h e r  b o th  a s e n in e  and o a rh a g o le  
i n  f a c t  a r i s e  from  one i n t e r m e d ia t e  o n ly  (p re su m ab ly  
th e  n i t r e n e  v i a  ( b-) and (O ), t h i s  b e in g  a l e s s - s t r a i n e d  
i n t e r m e d i a t e  th a n  th e  a z a b i c y c l o h o p t a t r i e n e  s^Tstem), 
o r  t h a t  b o th  i n t e r m e d i a t e s  a re  p r e s e n t  i n  e q u i l i b r i u m  
(a s  suggested , by  A b ram o v itch  and D av is^ ^ )  o r  as  a p a r t  
o f  a r e s o n a n c e - s t a b i l i s e d ,  system»
The f o rm a t io n  o f  th e  a n i l  ( 105 ) i n  th e  th e rm a l^ ^
8*5and p h o to - in d u c e d  * r e a c t i o n s  o f  t r i e t h y l  p h o s p h i te  
w i th  o - a l k y l n i t r o s o b e n z e n e s  does r e c u i r e  th e  p a r t i c i p a t i o n  
o f  i n t e r m e d i a t e s ,  o t h e r  th a n  th e  n i t r e n e ,  i n  w hich  th e  
p - a l k y l  g roup  h a s  some s t a b i l i s i n g  o r  d i r e c t i n g  e f f e c t *
>
Sundberg  was, how ever, u n a b le  to  say  w h e th e r  th e  
a s a b i c y c l o h e p t a t r i e n e  o r  th e  a z o p in e  sy s tem  (0 9 ) -^ las 
t h e  more l i k e l y  i n t e r m e d i a t e . ^ ^ '
ArNOg ApF O -------». A rN -0 -$ (0 B t)^  o r  A r N ^ ( O B t )
Me
Me •Me
(118) (83 Ar te o - t o l y l
ArM—P(O B t),  or A ri-O -J(O B t)V 1
6 ~ ip (0 E t)
a a e p in e s
pho sphop im id a te  s 
pho s p h o ra m id a te  s 
axoxy compounds
Me




(118) A r i j - O - l ( O l t ) ,  0~  3
rv,N
v»|
\ o -  ^Ar
Me
L-
( 1 06 )
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The p o s s i b i l i t y  t h a t  th e  a z e p in e  system  m ig h t i t s e l f  
r e a r r a n g e  was d i s c u s s e d  e a r l i e r  (p * 26- 27)f in  c o n n e c t io n  
w i th  th e  fo rm a t io n  o f  th e  pheny  l u r e  th a n  from  b en zen e  and 
c a r b e t h o x y n i t r e n e : w h i le  t h e r e  may be 0-ÏÏ i n s e r t i o n  
b y  th e  n i t r e n e ^  r e  a r ran g em en t o f  th e  a z e p in e  th ro u g h  
7- c a r b e t h o x y - 7' - a z a b ic y c lo  1 , o jh e p ta d i e n e  ( l l 7 ) i s  
p o s s ib l e *
PhH •4“ FOOOEt 9^
0-H
i n s e r t i o n
^ C O O S t
(117)
NHOOOEt
— —  I KGOOEt
y
I t  i s  now s u g g e s te d ,  somewhat t e n t a t i v e l y  in  th e  
ab se n ce  o f  c l e a r  e x p e r im e n ta l  e v id e n c e ,  t h a t  a  new 
i n t e r m e d i a t e  ( l l 8 ) may be in v o lv e d  in  th e s e  r e a c t i o n s  
(Scheme 5 l ) * T h is  does  s a t i s f y  t h e  s k e l e t a l  r e a r r a n g e m e n t  
r e q u i r e m e n t s  d e te rm in e d  by Sundberg  (Scheme 15 ) I t  
a l s o  r e q u i r e s ,  how ever, t h a t  th e  f o rm a t io n  o f  th e  n i t r e n e
»* 4- ,ArH from th e  p r im a rv  a d d u c t  ArH -O-P(O Et)^ s h o u ld  be 
c o n s id e r a b ly  s lo w e r  th a n  th e  su b se q u e n t  r e a r ra n g e m e n t  
o f  th e  n i t r e n e  to  th e  o t h e r  i n t e r m e d i a t e s  (83  and 118 )* 
W hile g e n e r a l  e x p e r i e n c e  would s u g g e s t  t h a t  th e  fo r m a t io n  
o f  a  n i t r e n e  from  th e  n i t ro so -c o m p o u n d  i s  in  f a c t  r a p i d .
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t h e r e  i s  i n s u f f i c i e n t  k i n e t i c  d a t a  to  d i s t i n g u i s h  
c l e a r l y  betw een  th e  v a r io u s  p o s s i b i l i t i e s *
A s i m i l a r  r e a c t i o n  w i th  th e  '^prim ary  a d d u c t o f  
th e  n i t ro -o o m p o u n d  and t r i e t h y l  p h o s p h i t e  w i th  th e  
i n t e r m e d ia t e  ( l l 8 )  w ould be e x p e c te d  to  y i e l d  th e
"7  *7n i t r o n e  ( l 06 ) ,  r e p o r t e d  by  Sundberg , a l th o u g h  th e  
fo r m a t io n  o f  t h i s  compound h a s  n o t  been  co n f irm e d  in  
th e  c o u rse  o f  th e  p r e s e n t  i n v e s t i g a t i o n *
W hatever th e  d e t a i l s  o f  th e  e q u i l i b r i a  b e tw een  th e  
v a r io u s  i n t e r m e d i a t e s ,  th e  o v e r a l l  e f f e c t  re m a in s  t h a t  
t h e r e  a re  a  number o f  d i f f e r e n t  p o s s i b i l i t i e s  f o r  
r e a c t i o n  w i th in  t h i s  sy s tem , w i th  th e  b a la n c e  be tw een  
them b e in g  as  y e t  to o  f i n e  to  a l lo w  a c c u r a t e  p r e d i c t i o n  
o f  th e  p r o d u c t  d i s t r i b u t i o n  in  any p a r t i c u l a r  r e a c t i o n .
(v) P ro d u c t  f o r m a t io n  from  th e  p o s s i b l e  in t e r m e d ia te s *
The fo rm a t io n  o f  th e  v a r io u s  p r o d u c t s  from  th e  r e a c t i o n  
o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  w i th  a ro m a tic  n i t r o -  
and n i t ro s o -c o m p o u n d s  may now be c o n s id e r e d  b r i e f l y  i n  
th e  l i g h t  o f  th e  d i s c u s s i o n  so f a r .
The fo rm a t io n  o f  th e  p h o sp h o n a te  ( I I 3) h a s  b ee n  
d i s c u s s e d  a l r e a d y ,  on th e  a ssu m p tio n  t h a t  t h e r e  i s  no 
p a r t i c i p a t i o n  by a n i t r e n e  in t e r m e d ia t e  in  t h i s  r e a c t io n *  
The f o r m a t io n  o f  azoxy compounds (10 /4) by  i n t e r a c t i o n
o f  a n i t r e n e  i n t e r m e d i a t e  w i th  unchanged  n i t r o s o - c o m -
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72pound h a s  been  d i s c u s s e d  e ls e w h e re ;
ArHO + ^ ArH + (BtO)^PO
ArH + ArHO ---------- ^ ArH=H(o)Ar
O th er  r o u t e s ,  n o t  in v o lv in g  a d i s c r e t e  n i t r e n e ,  a r e  
a l s o  p o s s i b l e
ArHO dim er + (E tO )jP  ------- ——> ArH=:H(0)Ar 4 (StO)^PO
4\
A r ^ O —P (O S t)^  A r - t e  —0 ^
A rH = 0  ^  A r—n Z o
The fo r m a t io n  o f  th e  a n i l  ( l0 5 )  and th e  n i t r o n e
( 106 ) i s  a s c r i b e d  to  th e  p a r t i c i p a t i o n  o f  a  new 
i n t e r m e d i a t e  ( I I 8 ) , fo rm ed  from  th e  n i t r o n e ,  and 
d e s c r i b e d  i n  th e  p r e v io u s  s e c t io n #
The fo rm a t io n  o f  v a r io u s  am ines ( l0 7 )  i s  t y p i c a l  
o f  th e  b e h a v io u r  o f  n i t r e n e  i n t e r m e d i a t e s  i n  o th e r  
s y s te m s ,  and t h i s  w ould  seem to  be th e  m ost r e a s o n a b le  
mechanism in  t h i s  ca se#  A l k y l a t i o n  o f  t h e s e  am inos by 
th e  t r i a l k y l  p h o s p h a te s  p r e s e n t  would be e x p e c te d  to  
t a k e  p l a c e . A l k y l a t e d  am ines a re  a l s o  p ro d u c e d  by 
th e  h y d r o l y s i s  o f  t h e  d i a l k y l  H- a lk y l - H -  a ry lp h o  s p h o ra m id a t  e s
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190i n  th e  p r e s e n c e  o f  c o n c e n t r a t e d  a c id  o r  hy decompo­
s i t i o n  o f  th e  d i a l k y l  H -a ry lp h o  sp h o ra m id a te  s a t  h ig h
2h7t e m p e ra tu re s *  n e i t h e r  o f  th e s e  would how ever seem as 
l i k e l y  a means o f  f o r m a t io n  as a l k y l a t i o n  hy t r i a l k y l  
p h o s p h a te s ,  a knovvn p r e p a r a t i v e  m ethod f o r  such  
compounds#
I f  a n i t r e n e  i n t e r m e d ia t e  fo rm ed  in  th e  c o u r s e  
o f  th e  de oxygénat  io n  r e a c t i o n ,  i t  i s  d i f f i c u l t ,  i n  th o  
l i g h t  o f  th e  w e l l - e s t a b l i s h e d  p r e p a r a t i o n  o f  t r i a l k y l  
H -a ry lp h o sp h o r im id a te s  by d e c o m p o s i t io n  o f  a r y l  a z id e s  
i n  th e  p r e s e n c e  o f  t r i a l k y l  p h o s p h i t e s ,^ ^ ^  to  see  why 
th e s e  pho spho r i m i d a t e s  (109) s h o u ld  n o t  b e  fo rm ed  as  
m a jo r  p r o d u c t s  o f  t h e  r e a c t i o n #  However, w h i le  p h o s -  
p h o r im id a t e s  a r e  in d e e d  th e  m ajo r  p r o d u c t s  i n  th e  
c o n t r o l l e d  deox y g o n a t io n  o f  a ro m a tic  n i t ro s o -c o m p o u n d s ,  
th e y  a p p e a r  to  be  c o m p le te ly  a b s e n t  a f t e r  th e  lo n g e r  
and more v ig o ro u s  r e a c t i o n s  w i th  a ro m a tic  n i t ro -co m p o u n d s#  
B i a l k y l  N -alley 1 - H - a r ^ r l p h o s p h o r a m i d a t e s ( i l l )  and 
d i a l k y l  a ry lp h o  sp h o r  ami da te s "^ ^ '^ ^  ( l lo )  have been  
r e p o r t e d  a s  e v id e n c e  o f  th e  p r i o r  f o rm a t io n  o f  th e  
t r i a l k y l  H - a r y lp h o s p h o r im id a te s  ( l 0 9 ) * In  t h i s  p r e s e n t  
i n v e s t i g a t i o n  i t  h a s  b ee n  sho\m t h a t  n o t  o n ly  i s  t h e r e  
no e v id e n c e  f o r  th e  p r e s e n c e  o f  t r i a l k y l  H -a ry lp h o s p h o r -  
im id a te s  in  th e  f i n a l  r e a c t i o n  m ix tu r e ,  b u t  t h a t  th e
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p r o p o r t i o n s  o f  pho s p h o r  am ida te  ( l io )  and N - a l k y l -
p h o sp h o ra m id a te  ( i l l )  v a r y  c o n s i d e r a b l y  w i th  th e  p h o sp h o ru s
r e a g e n t  (TABLE l U ) »
These o b s e r v a t i o n s  a re  p a r t i a l l y  in  a c c o rd  w i th  
th e  r e s u l t s  o f  G i ly a r o v  e t  a l# ^ ^^ on th e  r a t e s  o f  
i s o m é r i s a t i o n  o f  d i f f e r e n t  t r i a l k y l  pho s p h o r im id a te  s *
I t  was shomi t h a t  w h ereas  t r i e t h y l  N -a ry lp h o s p h o r im id a te s  
i s o m e r i s e d  r e l a t i v e l y  s lo w ly ,  even  i n  th e  p r e s e n c e  o f  
e t h y l  i o d id e ,  to  th e  d i e t h y l  H -e th y 1 -H -a ry lp h o s p h o r -  
a m id a te  th e  c o r r e s p o n d in g  t r i m e t h y l  e s t e r s  i s o m e r i s e d  
r a p i d l y  on h e a t in g #
B t l(B tO )3P=m r-R  ----------- > (2tO)gPON(Bt)Ar.R
slow
(MeO)^P=mr-R —A  ) (MeO)„POW(Me)Ar>-R
f a s t
I t  was assum ed t h a t  th o  r o l e  o f  m e th y la t i n g  a g e n t  in  
t h i s  l a t t e r  c a s e  was p la y e d  b y . t h e  i n i t i a l  t r i m e t h y l  
g -  a ry lp h o  spho r  im i  da t  a , s in c e  a l l  m e th y l  e s t e r s  o f  
m in e r a l  a c id s  p o s s e s s  m e th y la t i n g  powers# The r e a r r a n g e ­
ment o f  th e  m e th y l e s t e r s  was shoMi to  bo te m p e ra tu r e  
d ep e n d en t -  o c c u r r i n g  to  a c o n s id e r a b le  e x t e n t  when 
th e y  were d i s t i l l e d  i n  vacuo  a t  15 0 -180 ^ , b u t  to  a v e r y  
s m a l l  e x t e n t  o n ly  be low  100^* In  th e  p r e s e n c e  o f  
m e th y l  i o d id e ,  t h e  r e a r ra n g e m e n t  was SOfo co m p le te
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a f t e r  2k h o u rs  a t  18^ , w hereas  th e  t r i e t h y l  e s t e r s  
showed no r e a c t i o n  u n d e r  th e s e  c o n d i t i o n s .
T hus5 i n  th e  r e a c t i o n s  now s tu d ie d ^  any t r i m e t h y l  
îT -a ry lp h o s p h o r im id a te  form ed would he e x p e c te d  to  
r e a r r a n g e  a t  once to  th e  d im e th y l  g-me t h y 1 - g - a r y 1 -  
ph osph o rs-m id a te , w h ich  v/ould p re su m a b ly  n o t  r e a c t  f u r t h e r  
u n d e r  t h e s e  c o n d i t i o n s e  The m e th y la t i n g  a g e n t  c o u ld  
he  th e  t r i m e t h y l  p h o s p h a te  form ed in  th e  d e o x y g e n a t io n  
r e a c t i o n ^  o r  th e  o r i g i n a l  t r i m e t h y l  g - a r y lp h o s p h o r -  
im id a te ,^ -^ ^  o r  th e  ^^primary adduot^* a c t i n g  a s  a
g u a t e r n i s e d  p h o s p h i t e  e s t e r A 3
--- 0
“ 0
S i m i l a r  r e a c t i o n s  w ould  a c c o u n t  f o r  th e  re a r ra n g e m e n t  
o f  th e  e x c e s s  o f  t r i m e t h y l  p h o s p h i t e  to  d im e th y l  m e th y l -  
p h o s p h o n a te .  T r i e t h y l  g - a r y lp h o s p h o r im id a t e s  w ould n o t  
how ever show t h i s  r e a d y  i s o m é r i s a t i o n ,  and h y d r o l y s i s  
t o  th e  c o r r e s p o n d in g  d i e t h y l  g -a lk y lp h o s p h o ra m id a te  
m ig h t hecome more im p o r ta n t ,  t h u s  i n c r e a s i n g  th e  y i e l d
o f  t h i s  a t  th e  ex p e n se  o f  th e  ÎT-e th y  1 -W -ary lpho  s p h o r -  
a m id a te .
I t  h a s  now h ea n  shown, how ever, t h a t  d i a l k y l  
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r e a c t i o n  m ix tu re  and  a r e  n o t  fo rm ed  m e re ly  d u r in g  th e
70 7 %e x t r a c t i o n  o f  th e  v a r i o n s  products®  H y d r o ly s i s ,
by  a b a s e ,  o f  th e  t r i a l k y l  H -ai\y lpho sp h o r  im id a te  s i s  
a p o s s i b l e  means o f  fo rm a t io n  o f  th e s e  compounds®
OEt OBt
■ -----> 0=P-HHAr + OH_=OH«^ ^ ! 1 (L d.B“ OBt OBt
R e a c t io n  o f  th e  n i t r e n e  i n t e r m e d i a t e  w i th  any d i a l k y l
p h o s p h i t e  p r e s e n t  w ould  l e a d  to  th e  same p r o d u c t :
OH
ArN :P(OR)g — > A r% P (0 R )g -4 A r im P 0 (0 R )2
H- 0
N e i t h e r  m echanism , how ever, i s  c o m p le te ly  s a t i s f a c t o r y  
a s  an e x p l a n a t i o n  o f  th e  fo rm a t io n  o f  th e  p h o s p h o r -  
am id a te  as  a m a jo r  p r o d u c t  (5-26^.) o f  th e  r e a c t io n s ®
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  R am irez^^  r e p o r t e d  
a s i m i l a r  d i f f i c u l t y  i n  p o s t u l a t i n g  a s a t i s f a c t o r y  
mechanism l e a d i n g  to  a s id e  p ro d u c t  fo u n d  in  th e  
p r e p a r a t i o n  o f  b i p h t h a l y l  from  p h t h a l i c  a n h y d r id e  (p®8)® 
The r e a c t i o n  o f  p h t h a l i c  a n h y d r id e  w i th  t r i - i s o p r o p y l  
p h o s p h i t e  gave d i - i s o p r o p y l  p h th a l id e - ^ - p h o s p h o n a te  
( 14^ )  i n  a d d i t i o n  to  th e  e x p e c te d  b i p h t h a l y l  (Scheme 3 2 ) . 
The fo r m a t io n  o f  t h i s  p h o sp h o n a te  r e q u i r e s  a s o u rc e  o f  
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"be deteoteclj, i t  was s u g g e s te d  t h a t  th e  fo rm a t io n  o f  th e  
p h o sp h o n a te  was due to  t h e ’ p r e s e n c e ,  i n  th e  r e a c t i o n  
m ix tu r e ,  o f  s m a l l  am ounts o f  e i t h e r  w a te r ,  o r  o f  th e  
d i a l k y l  p h o s p h i te *  Thus, i f  a o a rh en e  was fo rm ed  in  
th e  c o u rse  o f  th e  r e a c t i o n ,  th e  p h t h a l i d e  p h o sp h o n a te  
would in  t u r n  he fo rm ed  hy d i r e c t  i n s e r t i o n  o f  th e  
c a rh e n e  in  th e  ÏÏ-P bond o f  H-PO(OR)p, o r  hy  e l e c t r o -  
p h i l i o  a t t a c k  on th e  p h o sp h o ru s  atom o f  th e  ta u to m e r  
P (0 H )(0 R )^ , as  shorni*
I n  a d i f f e r e n t  s e r i e s  o f  e x p e r im e n ts ,  how ever, 
Todd^^^ was u n a b le  to  d e t e c t  th e  p r e s e n c e  o f  any 
d i e t h y l  p h o s p h i t e  i n  c o m m e rc ia l ly  a v a i l a b l e  t r i e t h y l  
p h o s p h i t e ,  f o l l o w in g  th e  n o rm al m ethod o f  p u r i f i c a t i o n  
(p*l|.6 )e Thus th e  mechanism l e a d i n g  to  th e  f o r m a t io n  
o f  th e  d i - i s o p r o p y l  p h t h a l i d e - 3-p h o s p h o n a te ,  as  
d e s c r i b e d  above , o r  o f  th e  c [ ia lk y l  R -a r j^ lp h o sp h o r -  
a m id a te s ,  d e s c r i b e d  p r i o r  t o  t h a t ,  m ust rem a in  un ­
c e r t a i n .
P i n a l l y  th e  f o r m a t io n  o f  th e  a z e p in e  ( l l 2.) m ust be 
c o n s i d e r e d .  A m echanism  f o r  t h i s  h a s  b een  p ro p o se d  
(Scheme 1 8 ) »^^^ A d d i t i o n a l  s u p p o r t  f o r  t h i s  mechanism 
was p r o v id e d  by th e  i s o l a t i o n  o f  e th y le n e  a s  a low - 
b o i l i n g  p ro d u c t  o f  th e  r e a c t io n *  However, two f u r t h e r  
p o i n t s  must be c o n s id e r e d ,  f o l l o w in g  t h i s  p r e s e n t
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i n v e s t i g a t i o n .
F i r s t l y ,  when a l i g u i c V a i r  c o l d - t r a p  i s  u se d  
i n  an a t te m p t  to  condense  e th y le n e  and e t h y l  n i t r i t e  
a s  p r o d u c t s  o f  th e  r e a c t i o n  o f  t r i e t h y l  p h o s p h i t e  w i th  
p ^ -n i t ro  to lu e n e  and p -  e th y  I n  i  t  r  o h e n z en e , e th y le n e  i s  
in d e e d  fo u n d , h u t  i n  c o n s id e r a b ly  g r e a t e r  n u a n t i t i e s  
(20  and 25 m. m ole) th a n  can  be a c c o u n te d  f o r  by th e  
fo rm a t io n  o f  th e  a s e p in e  ( c a .  5 and o a .  3 m. m o le )#
Even a l lo w in g  f o r  th e  d i f f i c u l t y  o f  e s t i m a t i o n  o f  th e  
two Q u a n t i t i e s ,  a c o n s i d e r a b l e  d i s c r e p a n c y  does e x i s t .  
T hree  p o s s i b i l i t i e s  e x i s t : -  ( i )  t h a t  th e  two q u a n t i t i e s  
a r e ,  i n  f a c t  u n r e l a t e d ,  th e  fo rm a t io n  o f  e th y l e n e  b e in g  
i n  no way d e p e n d en t  upon a z e p in e  f o rm a t io n ;  ( i i )  t h a t  
e th y l e n e  i s  fo rm ed  ;au rin g  th e  re a r ra n g e m e n t  to  th e  
a a e p in e  and a l s o  in  some o t h e r  r e a c t i o n ,  such  as th e  
b a s e  h y d r o l y s i s  o f  th e  t r i a l k y l  N - a r y lp h o s p h o r lm id a te s ,  
d e s c r i b e d  a b o v e ; and ( i i i )  t h a t  e th y l e n e  i s  fo rm ed  o n ly  
d u r in g  th e  r e a r r a n g e m e n t  to  th e  a z e p in e  end th e  d i s ­
c re p a n c y  i s  due to  s u b s e q u e n t  b r e  ale down o r  f u r t h e r  
r e a c t i o n  o f  th e  a z e p in e  sy s tem . F u r t h e r  e x p e r im e n ta l  
e v id e n c e  r e l a t i n g  to  a l l  d e o x y g e n a t io n  r e a c t i o n s  i s  
n e c e s s a r y  b e f o r e  t h e s e  p o s s i b i l i t i e s  may be d i s t i n g u ­
i s h e d ,  a l th o u g h  th e  l a s t  p o s s i b i l i t y  i s  p e rh a p s  th e  
m ost r e a s o n a b l e ,  th e  e l i m i n a t i o n  o f  e th y le n e  b e in g ,  a
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r e l a t i v e l y  u n u s u a l  r e a c t i o n .  R e p o r ts  o f  th e  e l i m i n a t i o n
o f  v a r io u s  o l e f i n s  hy th e  th e rm a l  d e c o m p o s i t io n  o f
U2 2hSV a r io u s  d i a l k y l  a lk y lp h o s p h o n a te s   ^ a r e  n o t  
th o u g h t  to  he r e l e v a n t  a t  t h i s  p o i n t ,  ex trem e  c o n d i t ­
io n s  o f  te m p e ra tu r e  b e in g  g e n e r a l l y  n e c e s s a r y  f o r  such  
de 0 omp o s i  t  i  on s ♦
Secondlsr, w h i le  th e  mechsmism i s  a d e q u a te  f o r  th e  
f o r m a t io n  o f  d i e t h y l  2- a l k y l - 3g - a z e p i n - 7***ylphosphonates, 
t h e  i s o l a t i o n  o f  th e  same a z e p in e  r i n g  sy s tem  from  th e  
r e a c t i o n  w i th  t r i m e t h y l  p h o s p h i t e ,  w i th ,  o f  c o u r s e ,  
d i f f e r i n g  e s t e r  g ro u p s ,  r e q u i r e s  e i t h e r  a d i f f e r e n t  
mechanism f o r  th e  fo r m a t io n  o f  th e  m e th y l e s t e r  o f  th e  
a z e p in e  o r  cm a l t e r n a t i v e ,  common, mechanism f o r  b o th  
r e a c t i o n s .  The fo r m a t io n  o f  c o n s i d e r a b l e  q u a n t i t i e s  o f  
d im e th y l  m e th y Ip h o sp h o n a te  in  th e s e  r e a c t i o n s  s u g g e s t s  
t h a t  th e  f i n a l  d ea l k y l a t i o n  o f  th e  phosphonium  i n t e r ­
m e d ia te  may be t a k i n g  p l a c e  i n  t h i s  way; how ever, as  
t h i s  i s o m é r i s a t i o n  w ould be e x p e c te d  anyway, t h i s  can ­
n o t  be ta k e n  a s  c l e a r  e v id e n c e  f o r  su ch  a p r o c e s s .
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The r e a c t i o n s  o f  t e r v a l e n t  p h o sp h o ru s  r e a g e n t s  
w i th  a number o f  a ro m a t ic  n i t ro -o o m p o u n d s  have been  
i n v e s t i g a t e d .  "Ahile i t  was e x p e c te d  t h a t  su ch  r e a c t i o n s  
would g iv e  f u r t h e r  exam ples  o f  th e  de oxygen a t  io n  and 
f u r t h e r  r e a c t i o n  o f  th e  n i t r o - g r o u p ,  p o s s i b l y  v i a  a 
r e a c t i v e  n i t r e n e  i n t e r m e d i a t e ,  in  f a c t ,  tw o, d i f f e r e n t ,  
n o v e l  d i s p la c e m e n ts  o f  th e  n i t r o - g r o u p  were fo u n d .
In  th e  f i r s t  c a s e ,  r e a c t i o n  o f  o - d i n i t r o b e n s e n e  
and r e l a t e d  compounds w i th  t e r v a l e n t  p h o sp h o ru s  r e ­
a g e n ts  gave a s e r i e s  o f  p h o s p h o n a te s ,  p h o s p h in a te s  and 
p h o sp h in e  o x id e s ,  in  h ig h  y i e l d ,  w i th  th e  p h o sp h o ru s  
atom bonded d i r e c t l y  to  th e  a ro m a tic  sy s tem , g e n e r a l l y  
w i th  an o - n i t r o - g r o u p  s t i l l  p r e s e n t  in  th e  f i n a l  p r o d u c t .  
A mechanism i n v o lv in g  n u c l e o p h i l i c  a ro m a tic  s u b s t i t u t i o n  
by  th e  p h o sp h o ru s  r e a g e n t ,  w i th  th e  d is p la c e m e n t  o f  th e  
n i t r o - g r o u p  as  e t h y l  n i t r i t e ,  was s u g g e s te d .
In  th e  seco n d  c a s e ,  r e a c t i o n  o f  p - n i t r o t o l u e n e  
and  p - e t h y I n i t r o b e n z e n e , f o r  exam ple , w i th  t r i e t h y l  
p h o s p h i t e ,  gave low y i e l d s  o f  d i e t h y l  p - t o l y 3kr and 
p - e th y I p h e n y I p h o s p h o n a te . As t h e r e  i s  no a c t i v a t i o n  o f  
t h i s  n i t r o - g r o u p  to w a rd s  a ro m a tic  n u c l e o p h i l i c  s u b s t i ­
t u t i o n ,  a mechanism in v o lv in g  a t t a c k  on #n oxygen o f  
th e  n i t r o - g r o u p  by th e  p h o sp h o ru s  r e a g e n t ,  w i th  sub­
s e q u e n t  r e a r r a n g e m e n t  th ro u g h  a four-m em bered  i n t e r m e d ia t e
179
was p ro p o s e d .
The o t h e r  p r o d u c t s  o f  th e  r e a c t i o n s  o f  o - a l k y l -  
n i t r o s o h e n s e n e s  and a l k y l n i t r o h e n s e n e s  w i th  t r i a l k y l  
p h o s p h i t e s  w ere , in  g e n e r a l ,  i n d i c a t i v e  o f  th e  p a r t i ­
c i p a t i o n ,  in  t h e  r e a c t i o n ,  o f  a n i t r e n e  in te rm e d ia te #  
The s i m i l a r i t y  o f  th e  p r o d u c t s  form ed to  th o s e  fo u n d  in  
e s t a b l i s h e d  exam ples o f  th e  r e a c t i o n s  o f  n i t r e n e  
i n t e r m e d i a t e s ,  was n o t ic e d #  The mechanism o f  t h i s  
r e a c t i o n  was d i s c u s s e d  in  d e t a i l .
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